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beyond their first cost. 
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State Standards for dairy products. 
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Patron Relations Plan 


is a real service!” 


so writes Borden Co. 
Fieldman, Louis Worel. 


“I’ve got over 300 patrons, and if I had to go 
around every month to remind them about proper 
sanitation, I’d have little time for anything else. 
The PR Plan solves this problem for me and 
doesn’t cost me a cent.” 


Milk sanitarians and fieldmen have many administrative duties in addition 
to their fieldwork. This reduces the time they have to spend in personally 
instructing producers in quality milk production—and that’s where the 
PR Plan comes in. The BK PR Plan is a ready-made producer milk- 
improvement program containing a minimum of commercial advertising. 
It is designed to help fieldmen and sanitarians to keep their producers 
“thinking quality” 365 days a year—whether the sanitarian calls on them 
personally or not. 
The PR Plan consists of 3 services— 
1. “TIMELY TIPS"’—a monthly bulletin on seasonal dairy problems, tips on better 
sanitation, and interesting historical dairy facts. 
2. MOVING PICTURES and sound-slide films on quality milk production for showing at 
patron meetings. 
3. THE FREE ASSISTANCE of trained field representatives in planning and conducting 
patron meetings. 
These services are offered free in the interests of the dairy industry by the 
makers of B-K cleansers and sanitizers. 
Fieldmen and plant owners everywhere tell about the effectiveness of this 
B-K Patron Relations Plan in improving milk quality. 
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ture .. . every batch is positively held 
at the proper temperature. There's 
no overheating or underheating .. . 
“burn-on” is eliminated. 
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savings, ask your Cherry-Burrell rep- 
resentative for details on how soon 
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results of “CC” Spray pasteurization. 
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From the CP “Balanced Line” you'll get 
—not just a compressor—but exact/y the unit you need, to do your 
refrigeration job... large or small . . . with efficiency and 
economy assured by CP’s more than 60 years of refrigeration 


pioneering and leadership. You're right when you choose CP. 
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RAPID-FLO 


(Trade Mark of Johnson & Johnson) 


Fibre- Gouded FILTER DISKS 


Once again Johnson & Johnson laboratory and field 

research comes to the aid of the dairy industry in its drive 
to increase quality milk production. Careful filtration with safer, 
more retentive Rapid-Flo FIBRE-BONDED Filter Disks and regular Farm 
Sediment Check-Ups (described below) are primary steps in producing 
Quality Milk. New Formula Rapid-Flo FIBRE-BONDED Filter Disks come 
in a new type sanitary, factory-sealed, handy flat carton—yet cost no more! 


NEW SANITARY CARTON HOLDER 


Another Johnson & Johnson exclusive, 
sloping lid closes automatically after 
filter disk is removed. Sanitary high 
lustre finish sturdy metal container for 
the original factory-sealed Rapid-Flo 
carton. 


NOW—A MORE RELIABLE 


each 

RAPID-FLO FARM SEDIMENT CHECK-UP ere 
use er ‘om 

The New Formula Rapid-Flo FIBRE-BONDED poppe: Fong 
Filter Disks do much more than remove dirt that 2. When it is dry, ex- 


amine the disk closely. 


may get into milk in spite of ordinary precautions. Senin ae 
Dairy authorities urge the Rapid-Flo Farm Sediment 
Check-Up as the producers’ guide to clean milk more geting into min 
production. A clean used disk ie the badge 


of merit of a good milk producer. 
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ABSTRACTS OF PAPERS PRESENTED AT THE FORTY-SIXTH 
ANNUAL MEETING 


University of Tennessee 
Knoxville, Tenn. 
June 6-8, 1951 


MANUFACTURING SECTION 


Ml. A study of changes in cheese protein dur- 
ing ripening. H. J. Bassett, K. R. Spurczon 
anpD A. M. Swanson, Univ. of Wisconsin, Madi- 
son, 


Proteins present in cheese undergo degradation 
with liberation of water-soluble nitrogen frac- 
tions during ripening. The objective of this work 
has been to obtain more information about the 
changes in the principal protein of cheese, para- 
easein. The release of 4 amino acids during the 
ripening of a cheddar cheese has been followed. 

Microbiological assays for glutamic acid, leu- 
cine, isoleucine and valine were run on the acid- 
hydrolyzed, water-soluble and acid-hydrolyzed, 
water-insoluble fractions of a cheddar cheese at 
the time of making and at intervals of about 3 
wk. over a 15-wk. period. Kjeldahl nitrogen de- 
terminations were used to calculate a “theoretical 
protein” content which was used as a basis to cal- 
culate the dilution level of sample to use in the 
assays. For each of the amino acids, 5 levels of 
sample, designed to provide a potential gradient 
of 8 to 16 y of test amino acid per tube, were 
assayed in duplicate. Results were expressed as 
per cent of amino acid in the calculated protein. 

The ratio of these 4 amino acids to calculated 
protein remained very nearly the same in the acid- 
hydrolyzed, water-insoluble fraction of cheese as 
in the acid-hydrolyzed water-soluble fraction. 
This indicates that degradation of paracasein by 
the enzymes present in cheese probably is com- 
plete and not a selective liberation of certain 
amino acids. 


M2. The order of appearance of amino acids 
during ripening of cheddar cheese as determined 
by paper chromatography. C. J. Honer anp S. 
L. Tuckey, Univ. of Illinois, Urbana. 


A comparison was made between cheddar 
cheese and a surface-ripened cheese, Muenster, of 
the time and order of appearance of amino acids 
during ripening. A porcelain-filtered water extract 
of the cheese was analyzed by the paper partition 
chromatography technique. Both two-dimen- 
sional and one-dimensional runs were made on 
the samples. Quantitative estimations of the 
amino acids liberated at definite intervals were 


made. The ninhydrin-amino acid color complex 
was extracted and per cent transmission was de- 
termined with a model 11 Coleman spectropho- 
tometer. Values were read off prepared standard 
curves. 

Glutamic acid and the leucines were present 
in cheddar cheese at time of milling the curd. 
Valine was found when the cheese was 12 d. old. 
After 77 d., asparagine, aspartic acid, glutamine 
and alanine had appeared. Serine and glycine 
were found after 100 d. of curing. Glutamic acid 
and leucines predominated during the first 90 
d. of curing. ; 

In Muenster cheese, glutamic acid and the leu- 
cines were found at time of salting at pH 5.0, 
which was 6-8 hr. after hooping. Valine and 
alanine had appeared at 27 d.; after 65 d., aspara- 
gine, aspartic acid, serine, glycine, methionine, 
glutamic and lysine were present. Glutamic acid 
and the leucines predominated during the first 
60 d. of curing. 


M3. _ The proteinases of Streptococcus lactis and 
Lactobacillus casei and their relationship to cheese 
ripening. L. E. Barto anp E. M. Foster, Univ. 
of Wisconsin, Madison. 


The characteristics of the proteinases in cheese, 
Streptococcus lactis 171 and Lactobacillus casei 
142 were investigated for the purpose of deter- 
mining their role in casein breakdown during 
cheese ripening. Maximum proteolytic activity 
for all enzyme extracts occurred above 30° C., 
with secondary optima between 11 and 18° C. 
Maximum activity of bacterial extracts occurred 
near neutrality, with secondary optima between 
pH 5.0 and 5.5. Cheese enzyme extracts had 
maximum activity between pH 5.0 and 5.5, with 
secondary optima near neutrality. All enzyme 
extracts were relatively stable at pH 4.5 to 7.0 
for 50 hr. at 30° C. 

The bacterial enzyme extracts were partially 
destroyed by heating at 60° C. Cheese enzyme 
extracts were stable at 60° C. for 1 hr. All en- 
zyme extracts were activated by reducing agents. 
Acetate generally was the best buffer for enzyme 
activity at pH 5.1. Metal ions and anions gen- 
erally were inhibitory or had no effect on the 
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activity of the proteinases. Ca ions were slightly 
stimulatory to the enzyme from L. casei. 


M4. The identification of sugars in cheddar 
cheese during the initial stages of ripening. H. J. 
Facen, J. B. Stine anv R. V. Hussone, Kraft 
Foods Co. Research Labs., Glenview, Ill. 

One-dimensional filter paper chromatography 
was applied to the identification of lactose, galac- 
tose and glucose in cheddar cheese made from 
raw and pasteurized milk. An ethyl acetate- 
pyridine-water system was used as the mobile 
phase and aniline hydrogen pthalate as the de- 
veloping agent. 

Variations in respect to the time and rate of 
disappearance of lactose, galactose and glucose 
were indicated in both the raw and pasteurized 
milk cheddar cheese. Complete breakdown of 
lactose was evident in the raw- and pasteurized- 
milk cheese after 19 d. The cheddar cheese 
made from pasteurized milk contained galactose 
for over 50d. Galactose and glucose were absent 
in the raw milk cheddar after 25 d. 


M5. A chromatographic method for the deter- 
mination of the lower fatty acids in cheese. W. 
L. Hock, Jr., O. J. Krerr anp R. V. Hussone, 
Kraft Foods Co. Research Labs., Glenview, III. 

Interest in the volatile fatty acids of cheese 
made necessary the development of a convenient 
method to be used routinely for their estimation. 
The method consists of (a) the removal of the 
acids from the cheese by steam distillation and 
(b) separation of the acids using an adaptation of 
the chromatographic procedure of Ramsay & 
Patterson (1945). 

One hundred g. of cheese are suspended in 1 1. 
of water, brought to pH 2 with 10% H,SO, and 
steam distilled at constant volume at a rate of 
500-750 ml./hr. Distillate is collected in 250-ml. 
fractions, titrated and reduced to dryness. The 
distillation is continued until the titration shows 
that the fatty acids have been substantially re- 
moved (standardized at 4 1. of distillate). The 
dried salts are wet with 1 : 1 H,SO, and taken 
up in chloroform of such a volume that the 
aliquot of fatty acid solution placed on the 
column gives a titration of about 20 ml. of 0.02N 
alcoholic NaOH. The column packing is silicic 
acid, the inside phase is water and the developing 
solvents are 57 ml. of CB, (3% butanol in 
chloroform) followed by 100 ml. of CB,,. (10% 
butanol in chloroform). One hundred fifty l-ml. 
fractions are collected in test tubes, using a Tech- 
nichon automatic fraction collector. The frac- 
tions are titrated with 0.02 N alcoholic NaOH to 
the phenolphthalein end point. When the titra- 
tions are plotted against the fraction number a 
curve results which contains a peak for each acid 
present. Acids are identified by their threshold 
volume. 

The method, while not precise, yields compara- 
tive results of good accuracy for the acids acetic, 
propionic and butyric. The volatile acids caproic 
and greater are determined as a group and ex- 
pressed as caproic. 
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M6. The role of the lower fatty acids in Swiss 
cheese. O. J. Kretr anv J. B. Stine, Kraft 
Foods Co. Research Labs., Glenview, III. 

Using the technique described by Hock et al. 
(M5), a study was made of the lower fatty acid 
contents of typical Swiss cheese as of various 
grades and qualities. Good imported or domestic 
Swiss cheese contains a relatively large amount 
of acetic and propionic acids with little or no 
butyric acid and a small amount of the higher 
fatty acids. The amounts of acetic and propionic 
normally are about the same. 

Poor grade Swiss cheese varies in its lower 
fatty acid content, depending upon the character- 
istics which made it lower in quality. Grinders 
have been observed in which the acetic acid 
content was about normal with little or no 
propionic acid and little or no butyric acid being 
present. In these cases, the cheese was flat in 
flavor with no particular objectionable flavors. 
In the case of cheese having objectionable flavor, 
the butyric acid content generally is higher than 
the normal, and in a typical “burned” flavor 
cheese the butyric acid content will be much 
higher than the propionic acid content. Some 
off-flavors such as oxidized have little or no effect 
on the fatty acid picture of the cheese. Generally, 
however, a curve showing the lower fatty acid 
contents of a piece of Swiss cheese indicates 
rather completely the quality characteristics of 
the cheese involved. 


M7. A preliminary report on the bacteriology 
of Provolone and Romano cheese?. K. T. Mas- 
KELL, R. E. Harcrove anp R. P. Tirrtster, 
Bureau of Dairy Industry, U.S.D.A. 

An investigation has been begun to determine 
the numbers and kinds of bacteria in Italian-type 
cheese and to study the possible role of bacteria 
in the development of characteristic flavors. 
This study is part of a cooperative project with 
the Ohio State Agr. Expt. Station on the utiliza- 
tion of pasteurized milk and enzymes in the manu- 
facture of Italian-type cheese. — 

Samples of domestic and imported rennet pastes 
and other enzyme preparations used in manu- 
facturing Italian cheese were examined _bac- 
teriologically; 14 Provolone and 15 Romano fac- 
tory-made experimental cheese were sampled and 
examined bacteriologically at intervals during 
curing for 1 yr. The numbers and kinds of or- 
ganisms were determined by plate counts and 
pure culture studies. The numbers of bacteria 
in both types of cheese decreased during curing. 
In most instances, Lactobacillus lactis and Strep- 
tococcus faecalis predominated in Provolone 
cheese made from pasteurized milk. The flora 
of the Romano cheese made from unpasteurized 
milk consisted chiefly of Streptococcus lique- 
faciens-Streptococcus zymogenes type. Micro- 
cocci and spore formers also were isolated from 
most of the Romano cheese, but not from the 
Provolone. Lactobacillus casei was isolated from 
a few of the Provolone and Romano cheese. 

1 This work was done with funds provided by the 
Agricultural Research and Marketing Act of 1946. 
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M8. Lipase system of rennet pastes with ref- 
erence to the ripening of Italian varieties of 
cheese. W. J. Harper, Dept. of Dairy Tech- 
nology, Ohio State Univ., Columbus. 


Studies of the lipase system of rennet pastes 
and related enzyme preparations were undertaken 
in order to explain differences in flavor of Provo- 
lone and Romano cheese made with different 
rennet preparations. Rennet pastes made from 
kids produced a more typical Romano and 
Provolone cheese than did calf rennet pastes. 
The differences in flavor were attributed to pos- 
sible differences in the lipase systems. 

Limitations of previous methods of studying 
lipase led to the development of a new method 
using milk fat as the substrate. Milk of high 
quality was pasteurized to inactivate milk lipase, 
the milk separated and cream standardized. 
The cream then was dialyzed with distilled water 
in a Webb-Cell continuous dialyzer until a nega- 
tive Fehlings test was obtained. The dialyzed 
cream was subjected to lipase action for 24 hr. at 
32° F., and the fat extracted with butanol-ethanol 
(2-1) and titrated with alcoholic KOH. Titra- 
tion of solvent-extracted fat was found necessary 
when lipolysis was accompanied by proteolysis. 

This substrate could be incubated at 37° C. for 
48 hr. without any increase in acidity, providing 
mold contamination was avoided. Consequently, 
it provided a relatively rapid method of using 
milk fat as a substrate without interference of bac- 
terial growth. The dialyzed cream and normal 
cream responded similarly to lipase action of the 
rennet pastes between pH 5 and 9, indicating that 
the dialysis did not adversely affect the property 
of the cream to undergo lipolysis. 

All goat products showed two pH optimum 
activities, one at pH 6.1 and the other at pH 8.6. 
Calf products demonstrated pH optima at pH 5.3, 
6.1 and 7.5 to 7.6. Formaldehyde (1/10,000) 
retarded appreciably the lipase action of calf ren- 
net paste, but not kid or goat preparations. 

Several commercial rennet pastes that produced 
cheese of little flavor were found to possess only 
slight lipase activity. The investigation demon- 
strated the possible importance of pH to flavor 
production by the rennet preparations. High 
acidity in Italian cheese has been associated with 
low flavor development. 

Two liquid enzyme preparations from a 
glandular source were tested and found to possess 
high lipase activity. The optimum pH for lipase 
activity of the liquid calf and goat preparations 
coincided identically with the optimum pH for 
lipase activity of calf and goat rennet pastes, thus 
indicating that the lipase systems of the glandular 
extracts were the same as the lipase systems of 
rennet pastes. 


1 Cooperative RMA project with the Bureau of 
Dairy Industry, U. S. D. A. 


M9. The field estimation of water-insoluble 
acids in cream. R. A. GREENBERG, W. O. NEL- 
son AND W. A. Woop, Univ. of Illinois, Urbana. 


The Knaysi and Guthrie method for the esti- 
mation of butterfat acidity has been modified to 
facilitate its use in the field-testing of cream for 
water-insoluble acid (WIA) content. Two ml. 
of butter oil from cream is pipetted into a test 
tube and mixed with 3 ml. of xylol saturated with 
basic neutral red. The resultant color is com- 
pared with standards either visually or in a photo- 
electric colorimeter. The mixture of water-in- 
soluble acids used in standardization: was pre- 
pared by the complete hydrolysis of butter oil, 
followed by exhaustive steam distillation to re- 
move the volatile acids. The mean molecular 
weight of such preparations was 270-275. One 
to 10 mg. of standard WIA preparation in neutral 
butter oil gave linear readings in the region of 
515 mp with a variation between tests of + 6%. 
The lactic acidity of cream does not interfere with 
this procedure. The assay of samples by both 
this method and the gravimetric method of Hillig 
indicates that some error results from variation in 
butterfat color. However, this is not large 
enough to interfere with its use in the field grad- 
ing of cream. 


M10. The liberation of water-insoluble acids in 
cream by Geotrichum candidum. M. Purko 
AnD W. O. NeEtson, Univ. of Illinois, Urbana. 


The influence of environmental conditions on 
the levels of water-insoluble acids (WIA) lib- 
erated in inoculated sterilized cream was investi- 
gated. Cream cultures of Geotrichum candidum 
incubated at 4° C. for 9 d. showed no increase in 
WIA. Temperatures up to 37° C. increased the 
rate of WIA formation directly in proportion to 
the incubation temperature. After growth and 
lipolysis had been established by satisfactory in- 
cubation, storage of cream at low temperatures 
inhibited further fat hydrolysis. Cream stored 
at optimum growth temperatures underwent ex- 
tensive fat deterioration. Twenty-six g. of WIA 
per 100 g. of fat were obtained in 9 d. at 21° C. 
The surface area-volume ratio of the cream was 
directly related to the extent of fat hydrolysis. 
A cream surface area of 7 in.? and one of 25 in.? 
respectively yielded 7.5 and 25.9 g. WIA/100 g. 
of fat. The rate of WIA formation was de- 
creased in direct proportion to the added lactic 
acid content of cream. Associative growth with 
lactic acid bacteria also reduced the rate of 
lipolysis. The lag phase in lipolysis was pro- 
portional to the size of inoculum. Added glucose 
markedly reduced the rate of WIA formation in 
cream. 


MI1. Butyric acid and water-insoluble acid 
values of cream held at temperatures of 38 to 
85° F. I. I. Peters, L. T. Kester ann F. E. 
Netson, Iowa Agr. Expt. Sta., Ames. 

Holding cream at 38° F. for periods up to 10 d. 
permitted marked increases in water-insoluble 
acid (WIA) values for most cream samples and 
roughly proportional increases in butyric acid 
(BA) values. Addition of 1 : 500 formaldehyde 
reduced both WIA and BA values, but did permit 
some increase, indicating that the natural milk 
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lipase was active under these conditions when no 
appreciable acidity increase occurred. The re- 
mainder of the increase could be attributed to 
the activity of lipolytic bacteria favored at the 
lower temperature and in the absence of . 

reciable acid development. Holding at 85° F. 
avored BA production in some samples, values 
as high as 1,400 mg./100 ml. of butterfat having 
been reached in 7 d.; WIA values at 85° F. 
sometimes were very high, but they were very 
low on other samples. No constant ratio between 
WIA and BA values was found at this tempera- 
ture. At 60 and 72° F., considerable fat degrada- 
tion occurred in some samples, while little oc- 
curred in others, presumably because of differ- 
ences in the developing microbial populations in 
the various samples. 

The types of organisms and the amount of milk 
lipase present, along with time and temperature 
of holding, which determine rates and extent of 
growth of the different organism types and also 
the activities of the various enzyme systems, de- 
termine the degree to which WIA and BA values 
change in a given cream sample. 


M12. Studies on. the water-insoluble acids, 
butyric acid and fat acidity of butter. C. E. 
PARMELEE AND F. J. Baper, Purdue Univ., 
Lafayette. 

Lots of raw cream were divided into two por- 
tions, one of which was preserved by saturation 
with sucrose. Samples of the preserved and un- 
preserved cream were held at 40, 55, 70 and 85° 
F. for 4 and 7 d. before being churned into butter. 
The butter was analyzed for water-insoluble acids 
(WIA), butyric acid and fat acidity. 

The use of 2.0% chloroform, 0.2% chloral 
hydrate, or 0.1% sodium fluoride was not effec- 
tive in preserving cream containing 35% fat. 
The use of 0.2% formaldehyde completely in- 
hibited bacterial growth in the cream but also 
reduced the lipase activity. Saturation of cream 
with sucrose restricted bacterial growth and did 
not appear to reduce lipase activity. 

The WIA, butyric acid and fat acidity values 
for commercial butter from 4 Indiana creameries 
are presented. Creameries with high WIA values 
tend to have higher values in the winter and 
spring than in the summer and fall months. 

Investigation of the method for the determina- 
tion of WIA has indicated that, for certain 
samples, the value obtained is influenced by the 
amount of alkali used in neutralizing the ether- 
water solution of the butter. The WIA values 
for two samples of butter neutralized to the 
phenolphthalein end-point were 167 and 258 and 
the values for the same two samples with 2 ml. 
excess N NaOH added were 313 and 743 mg./100 
g. fat, respectively. 


M13. A new method of manufacturing butter- 
oil. C. M. Stine anv S. Patton, Pennsylvania 
State Coll.; State College. 

A simple method of obtaining quantitative 
yields of butteroil from cream has been developed 
by use of surface-active agents to destroy the 
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natural oil/water emulsion. A wide variety of 
rather simple organic compounds, as well as cer- 
tain commercial surface-active agents, have been 
found effective in the method. 

Addition of Tergitol 7 or Ahcowet-RS in con- 
centrations as low as 3%, by weight of the cream, 
heating to 180° F. and holding for 15 min., fol- 
lowed by washing and separation, gave yields of 
90-98% butteroil of high quality. The concen- 
tration of reagent required varies with the reagent 
used and the fat content of the cream. The 
method appears to work effectively on either 
sweet or sour cream. Advantages of the pro- 
cedure are that ordinary plant equipment will 
suffice, efficiency is high (98%) and operation 
time is short, the latter being dependent primarily 
upon the capacity of the separator. 

A sample of butteroil manufactured by this 
process and one obtained by conventional churn- 
ing and washing methods gave identical refractive 
indices. Flavor of samples prepared by the two 
methods was comparable and above criticism. 
M14. The cryoscope as an aid in the detection 
of neutralized cream. W. A. KrienKe ANp E. L. 
Fouts, Florida Agr. Expt. Sta., Gainesville. 

Replicate freezing-point values obtained on 
heavy cream varied considerably due to the Hg 
column of the thermometer not always coming 
to rest as it sluggishly reached a maximum, from 
the point of supercooling, and then receded. 
Efforts to control the time interval from super- 
cooling to reading reduced the discrepancies 
somewhat. Excellent agreements were obtained 
between duplicate freezing-point values on samples 
of buttermilk that had been churned from por- 
tions of the cream. 

A definite relationship exists between developed 
acidity in cream and the depression of the freez- 
ing-point of buttermilk obtained from some of 
the cream. Neutralization of the acid in the 
cream, at three levels of developed acidity, in 
each instance further depressed the freezing-point 
of buttermilk. Data indicate that freezing-point 
values of buttermilk (churned from questionable 
cream) coupled with titratable acidity and/or 
pH values will serve as an index for the segrega- 
tion of cream which may have been neutralized. 
M15. The esterifying enzyme(s) of milk. A 
preliminary report. G. R. GreENBANK, Bureau 
of Dairy Industry, U.S.D.A. 

The presence of esterifying enzymes in milk 
has not been reported previous to this time. 
These enzymes are able to esterify alcohols and 
the fatty acids in low concentration. They are 
inactivated by pasteurization, as indicated by the 
olfactory senses. Ethyl, propyl, butyl, amyl, 
hexyl and diacetone alcohols in concentrations as 
low as 0.05% are sufficiently esterified in raw 
skimmilk to be detected by the odor. The esters 
of ethyl alcohol may be detected in concentrations 
as low as 0.005%. The action of these enzymes 
may be responsible for certain flavors and odors 
in dairy products. Their presence in milk may 
indicate their presence in the blood and account 
for the synthesis of fat. 


| | 


FORTY-SIXTH ANNUAL MEETING 


M16. Effect of penicillin on certain microor- 
ganisms in milk. H. H. Wixowske, W. A. 
KrieNKE AND E. L. Fouts, Univ. of Florida, 
Gainesville. 

Studies were made to determine the concen- 
tration of added penicillin in milk required to 
influence the lactic acid production by Lacto- 
bacillus bulgaricus, L. casei and L. acidophilus at 
35° C. Penicillin concentrations of 0.3 units/ml. 
were sufficient to retard the lactic acid develop- 
ment by these organisms. These three species of 
lactobacilli were only slightly more resistant to 
penicillin than the lactic streptococci present in 
dairy starters which have been reported sensitive 
to approximately 0.1 unit/ml. 

Known amounts of penicillin were added to 
raw milk to determine the influence of this anti- 
biotic on total bacteria plate counts after storage 
at 10° C. When compared to penicillin-free 
samples which exhibited gradual increases in total 
plate counts at this temperature, the total counts 
of samples containing 0.1 unit/ml. increased at a 
slightly less rapid rate. The presence of 1.0 
unit/ml. resulted in marked retardation of total 
count for at least 72 hr. 

Coliform plate counts were not affected by as 
much as 10 units/ml. Growth of pure cultures 
of Escherichia coli and Aerobacter aerogenes in 
milk also were not affected by 10 units of peni- 
cillin/ml. After inoculation with E. coli, a peni- 
cillin concentration of 1,000 units/ml. in milk 
decreased to 80 units/ml. after 48 hr. at 10° C., 
suggesting that E. coli produces a “penicillinase” 
—" of reducing the activity of penicillin in 
milk, 


M17. Multiple strain bacteriophage infection of 
a lactic culture used for manufacture of blue 
cheese. D. D. DEANE anv F. E. Netson, Iowa 
Agr. Expt. Sta., Ames. 


A study was made to determine the number of 
strains of lactic streptococcus bacteriophage that 
could be isolated from a sample of blue cheese 
whey that had shown unusually broad phage 
activity. A cell-free filtrate from the bulk 
starter showed no demonstrable phage activity, 
while that prepared from the whey lysed 15 of 44 
laboratory test strains of lactic streptococci. 
Plaque counts made using representative suscep- 
tible cultures in the two-layer plate technic showed 
considerable differences in the numbers of bac- 
teriophage particles attacking the various or- 
ganism strains; the sizes of the plaques produced 
on the different strains also varied considerably. 
Cell-free filtrates prepared from propagations of 
single plaques then were tested against the 
original 44 cultures. The resulting pattern of 
activity indicated that at least seven different 
strains of bacteriophage were present in the 
original whey. In some instances, the purified 
filtrates showed activity against only the homol- 
ogous organism on which it was propagated; in 
other cases, activity was found against several test 
organisms. Since all the activities found in these 
seven strains of bacteriophage had been detected 
in the original material from the cheese factory, 
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there is little probability that any of the strains 
isolated represent adaptations resulting from the 
manipulations employed in separation of the 
various bacteriophage strains. 


M18. Mutation to bacteriophage resistance in 
pure cultures of lactic streptococci. L. E. MuLL 
anp F. E. Netson, Iowa Agr. Expt. Sta., Ames. 

Using 13 lactic streptococcus-bacteriophage 
combinations and employing initial inocula with 
bacteriophage counts of approximately 2,500/ml. 
and bacteria counts of approximately 200,000 /ml. 
and with incubation at 30-32° C., the counts of 
secondary organisms at the completion of mass 
lysis varied from less than 1/ml. for four com- 
binations to 450/ml. for one combination. The 
bacteria count immediately preceding mass lysis 
was approximately 10 million/ml. in all cases. 
The growth rate of the secondary organisms in 
the lysed culture in every trial was less than the 
growth rate of the control culture. 

Using one organism in combination with two 
different bacteriophage types to which this or- 
ganism was sensitive, secondary organisms of 
three different sensitivity types were obtained. 
The numbers and types of these secondary or- 
ganisms can be explained upon the basis of a 
relatively low-rate mutation of the parent culture 
to the different sensitivity types and the subse- 
quent segregation of these mutants by the lytic 
activity of the bacteriophage on the sensitive types 
in the culture. The predominance in a multiple- 
strain lactic culture of an organism undergoing 
little or no mutation resulting in bacteriophage 
resistance would result in very slow “recovery” 
from bacteriophage attack; some pure cultures 
show no demonstrable recovery, even after in- 
cubation for many days, apparently because of no 
demonstrable mutation to resistant types. Failure 
of the resistant mutants present to become dom- 
inant in unlysed cultures may be attributed to 
their slow growth rate. 


M19. Action of certain viricidal agents on lactic 
streptococcus bacteriophage. F. W. BENNETT, 
Univ. of Georgia, Athens anp F. E. Netson, Iowa 
Agr. Expt. Sta., Ames. 


A closed room was infected by atomizing into 
the air whey filtrates containing three strains of 
bacteriophage active against Streptococcus crem- 
oris. Most of the phage disappeared from the 
air in 1-2 hr., but some was recovered in certain 
trials 7-8 hr. after dispersal. 

Glycols atomized into the air at the rate of 
14.6-43.8 ml./1,000 ft.? simultaneously or at in- 
tervals up to 25 min. following infection did not 
cause any measurable inactivation of the phage. 
Aerosols of calcium hypochlorite supplying 0.61 
g. of available chlorine/1,000 ft.8 of air com- 
pletely inactivated the air-borne phage within 10 
sec. An aerosol supplying 0.7 g. of alkyldimethyl- 
benzylammonium chloride /1,000 ft.* failed to in- 
activate the phage and was intolerable to a person 
in the room. 

When the tests were conducted on bacteriophage 
suspended in 1 : 2, 10-* and 10-? dilutions of whey 
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filtrates at 25° C., 100—-1,000 ppm. of the glycols 
were ineffective. Available chlorine from cal- 
cium hypochlorite in concentrations of 25-400 
ppm. inactivated the phage at pH 5.0-6.9 in 
15-300 sec. exposure. Fifty to 1,000 ppm. of 
alkyldimethylbenzylammonium chloride _ inacti- 
vated the phage at pH 4.8-6.6 in 30-120 sec. 
exposure. The higher concentrations of the 
viricides were required when the whey was present 
in the higher concentrations. Available chlorine 
was less effective as the pH was increased within 
the range studied. Alkyldimethylbenzylammon- 
ium chloride was more effective at the higher 
levels of pH within the range of pH 4.8-6.6. 


M20. Selective sanitizing effect of dilute lye 
solutions as shown by recovery of Streptococcus 
lactis types of bacteria from lye-treated teat cup 
liners. T. J. Ctaypon, Kansas Agr. Expt. Sta., 
Manhattan. 

Results of a field study on the bacteriological 
condition of teat cup rubber liners under lye 
storage revealed that S. lactis types frequently 
comprised a high proportion of the flora, as shown 
by growth in milk. In some cases they were the 
only organisms that developed. Instances where 
S. lactis types dominated were more common 
with liners than with other dairy utensils ex- 
amined at the same time; hence, the use of lye in 
storage seemed indicated as a possible factor 
favoring a high proportion of S. lactis types. In 
preliminary laboratory tests, S. lactis types were 
recovered in practically pure culture from dilute 
lye solutions (0.1 and 0.2%), inoculated with 
certain mixed cultures containing S. lactis, after 
exposures of from 5 min. to 5 hr. With 0.5% 
lye solutions, usuaily only Bacillus species could 
be found after 1 hr. Trials with teat cup liners 
artificially contaminated with raw milk showed 
that treatment with 0.25% lye solution had a 
definite selective effect on the flora capable of 
developing in milk. After different periods of 
exposure up to 20 hr., S. lactis types usually were 
the predominant organisms recovered, even 
though, in some instances, they could not be 
demonstrated before lye treatment. Bacillus 
species constituted most of the remaining flora. 
Although the conditions of lye treatment were 
experimental, results indicated that lye storage 
may contribute to a preponderance of S. lactis 
type bacteria in teat cup liners. 


M21. Some factors influencing the isolation and 
quantitative estimation of Pseudomonas putre- 
faciens. R. O. WaceNnaarR AND J. J. JEZzESKI, 
Univ. of Minnesota, St. Paul. 

Preliminary work showed that distilled water, 
when used as a dilution medium in plating experi- 
ments, was highly toxic to Ps. putrefaciens. Ex- 
periments were conducted in which a gelatin- 
sodium phosphate buffer solution (Naylor and 
Smith, J. Bact., 52: 565-573. 1946), distilled 
water, redistilled water, tap water and 0.9 per 
cent NaCl in distilled water were compared as 
diluents for Ps. putrefaciens. The gelatin-phos- 
phate solution was found to be a compatible 


diluent for the test organism and all the others 
were unsatisfactory. 

When 5 and 10% salt was added to skimmilk, 
reconstituted non-fat dry milk solids, sweet-cream 
buttermilk and neutralized-cream buttermilk 
which then were used as diluents, these levels of 
NaCl proved to be definitely inhibitory to the 
test organism. 

Using laboratory-churned butter which was in- 
oculated with a pure culture of Ps. putrefaciens, 
three different methods of making the initial dilu- 
tion of salted butter in the gelatin-phosphate 
diluent prior to plating were tested. The intro- 
duction of 5 g. of the unmelted butter into a 
bottle containing 95 ml. of diluent tempered to 
45° C. yielded maximum counts. Relatively 
small differences in plate counts were observed 
among the three methods when unsalted butter 
was plated. 

On the basis of the results obtained in the fore- 
going experiments, an improved procedure for 
making quantitative estimates and isolations of 
Ps. putrefaciens from butter has been proposed. 


M22. The effect of low temperatures on the 
growth and biochemical activity of certain micro- 
organisms important to the dairy industry. V. W. 
GREENE AND J. J. JezEski, Univ. of Minnesota, 
St. Paul. 

Twenty-seven cultures of bacteria capable of 
growing at 0—-2° C. were isolated from deterior- 
ated cottage cheese and creamery waters. Most 
of the organisms belonged to the genus Pseudo- 
monas, and one culture was presumptively iden- 
tified as Aerobacter aerogenes. The latter cul- 
ture and two typical Pseudomonas strains, one 
showing proteolytic and the other lipolytic activ- 
ity, were selected for detailed study. Growth 
curves and quantitative determinations of their 
biochemical activity in skimmilk and cream were 
made at temperatures between 0 and 35° C. 

Each culture showed the ability to grow and 
attack milk constituents when incubated in the 
range of 0-35° C. Growth at 0° C. was charac- 
terized by a lag phase lasting for 2448 hr., a 
slow but definite logarithmic phase of multipli- 
cation of over 300 hr. duration and a maximum 
viable cell count, which in some cases exceeded 
11x10°/ml. Higher incubation temperatures 
shortened the lag phase and accelerated the rate 
of growth during the logarithmic phase, but de- 
creased the duration of this phase. The maxi- 
mum viable count at higher temperatures was less 
and the phase of logarithmic death was reached 
sooner. Biochemical activity of the cultures was 
inhibited by temperature decreases only insofar 
as the rate of reaction was concerned. 

Because the Pseudomonas cultures showed no 
visible growth above 30° C., and the Aerobacter 
species lost the ability to produce gas above this 
temperature, the former organisms probably 
would not be detected by plating, and the latter 
would give a false negative reaction to the pre- 
sumptive coliform test, if incubation temperatures 
from 32-37° C. were used. 
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M23. The amino acid requirements of Bac- 
terium linens. M. E. FrrepMANn AND W. A. Woon, 
Univ. of Ill., Urbana. 

The amino acid requirements of Bacterium 
linens, strain 456, have been investigated in order 
to develop a completely synthetic medium. Cul- 
tures were grown on a shaker at 23+3° C. and 
the amount of growth was determined turbidi- 
metrically. In the presence of vitamins, purines 
and pyrimidines, no growth was observed with 
ammonia as a source of nitrogen or with any 
one of 22 amino acids. Rapid growth occurred 
with a mixture of 16 amino acids or casein hy- 
drolysate and growth occurred in the absence of 
any one of these amino acids. This indicates the 
lack of a specific amino acid requirement. How- 
ever, the omission of cystine, methionine, leucine 
or glutamic acid greatly decreased the rate and 
amount of growth. The omission of lysine, ar- 
ginine or histidine decreased the rate of growth 
to a lesser extent. Maximum growth occurred in 
the absence of purines and pyrimidines. 


M24. High-temperature short-time pasteuriza- 
tion of dairy products. K. M. SHanani, E. O. 
HErREWw AND Z. J. Orvat, Univ. of IIl., Urbana. 

A small-tube heat exchanger, commercially 
known as the Mallorizer, was used to deter- 
mine the effect of high temperature on some of 
the properties of milk, cream and ice cream mix. 
In this unit a fluid product could be heated as 
high as 300° F., in 6.17 sec., held for 2.1-2.2 sec. 
and cooled to about 50° F. Its capacity and 
holding time were determined to be 207-218 
gal./hr. and 2.1-2.2 sec., respectively, using water, 
milk, cream, sugar solution and ice cream mix. 

The heating and cooling rates of the Mallorizer 
at various temperatures were determined by run- 
ning water and milk at 140° F. through the unit. 
Temperature was recorded by inserting ther- 
mocouples at various junctions and heating and 
cooling curves were plotted. 

Milk and cream were inoculated with heat 
resistant organisms, Micrococcus freudenreichii 
(MS66) and a spore former (NCA 1518), and 
Mallorized at different temperatures. Satisfactory 
destruction equivalent to laboratory pasteuriza- 
tion or better was obtained between 168-174° F. 
with MS66. The spore former was destroyed at 
280° F. Naturally-infected, high-count milk 
was subjected to similar heat treatments and 
nearly complete sterility was obtained between 
220-240° F. 

Phosphatase determinations were run on all 
the samples and satisfactory tests were obtained 
when the milk or cream was heated to 172-183° 
F. 


M25. Bacteriological aspects of high-tempera- 
ture short-time pasteurization of ice cream mix. 
C. A. Groscue, M. L. Speck anp H. L. Lucas, 
N. Carolina State College, Raleigh. 

A series of laboratory studies to determine the 
times required to pasteurize ice cream mix at high 
temperatures has been completed. Six normal 


mixes which varied in butterfat content from 4- 
18% and six pasteurization temperatures were 
tested. The pasteurization exposures were: 175° 
F. from 0-50 sec. at 5-sec. intervals; 180° F. from 
0-20 sec. at 2-sec. intervals; 185° F. from 0-10 
sec. at i-sec. intervals; 190, 195, and 200° F. 
from 0-5 sec. at 1-sec. intervals. Two pure cul- 
tures of heat resistant organisms, Micrococcus 
sp. (no. M. S. 102) and Microbacterium sp. 
(no. 342-S-1), as well as raw mix, were used. 
The pasteurization technique was similar to that 
described by Speck (J. Dairy Sci., 30: 975-981. 
1947). 

Destruction curves for the test inocula at the 
various temperatures and the times required to 
yield destruction equivalent to 155° F. for 30 
min. will be presented. 


M26. The effectiveness of the Cornell phospha- 
tase test for dairy products. F. V. Kostxowsky, 
Cornell Univ., Ithaca, N. Y. 

Comparisons were made between several phos- 
phatase methods on a series of milk and cheddar 
cheese samples of known history by five labora- 
tories throughout the Northeast. The Cornell 
method, and particularly the laboratory test of 
18- to 24-hr. incubation, was found to produce 
sensitive and accurate results. However, many 
more advantages were indicated by its simplicity 
and low cost of operation, its ability to produce 
relatively low control values and the fact that 
samples of unknown age or origin could be tested 
successfully without recourse to buffer solution 
concentration and precipitating agent concentra- 
tion shifts. 

The fundamental importance of using incuba- 
tion periods of 18-24 hr. for all present day lab- 
oratory phosphatase tests utilizing BQC is stressed 
as the increased sensitivity and accuracy which 
was obtained in this study using the long method 
compared to the short 1-hr. test was very strik- 
ing. 


M27. Influences of buffer concentrations, pH 
values and incubation temperatures on sensitivity 
and accuracy of phosphatase tests. O. S. SacEr, 
G. P. SANDERS AND J. A. Huprer, Jr., Bureau of 
Dairy Industry, U.S.D.A. 


Three methods, described previously, were in- 
vestigated further. In 1- and 18-hr. tests on milk 
and 1-hr. tests on cheese, the Sanders-Sager 
method (designated S-S) yielded highest values. 
In 18-hr. tests on cheese, the Sanders-Hupfer 
modification (S-H) yielded highest values and 
the Cornell method (C), lowest. 

The 18-hr. optimal pH in these methods was 
found to be approx. 9.5-9.6, as shown by Cornell 
workers using 18-hr. C method, rather than pH 
10 of 1-hr. S-S and S-H methods. In 18-hr. 
tests on cheese, S-S method at pH 9.6 yielded 
highest values. With the same buffer, the op- 
timal 18-hr. incubation temp. was found to be 
lower (31°-32° C.) than the optimal 1-hr. 
(approx. 37°). The higher the pH, the lower the 
optimal temp. Concentration of buffer affected 
enzymatic activity but did not affect optimal 
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temp. For maximum enzymatic activity it is 
necessary to correctly integrate buffer concentra- 
tion, pH and incubation temp. If the buffer is 
not too concentrated, pH variations with differ- 
ent products can be compensated by adjusting in- 
cubation temp. correspondingly, thereby making 
possible a more truly “universal” method. Phenol 
production in the 18-hr. S-S method was linearly 
proportional to raw milk concentration in heated 
milk only up to approx. 1%. 

The 18-hr. values on milk averaged about 10 
times the 1-hr. values, and on cured cheese 6.8—8.4 
times. A pasteurization criterion of 5y in an 
18-hr. test, proposed by others, thus was found 
to be too low. Appropriate criteria for 18-hr. 
tests must be determined precisely by research. 


M28. Effect of 4 temperature on proper- 
ties of evaporated milk. B. H. Wess ano E. F. 
Deysuer, Bureau of Dairy Industry, USDA. 


The physical condition of evaporated milk 
generally remains acceptable during the interval 
required for it to move from manufacturer to 
consumer. However, storage at high tempera- 
tures and for long periods may cause undesirable 
changes. The deterioration of evaporated milk 
during storage at temperatures from 34-98° F. 
was studied. The rate of loss in viscosity and 
the rate of increase in pH and color varied 
logarithmically with the temperature of storage. 
Fat and protein separation during storage was 
slight at temperatures below 60° F., but it quickly 
became objectionable at temperatures above 
86° F. Determination of the pH of evaporated 
milk gave a rapid and reliable indication of its 
storage history. The reaction of fresh evaporated 
milk was about pH 6.1. The milk remained in 
good condition during storage until its reaction 
was below pH 6.0. The time required for a com- 
mercial milk to reach pH 6.0 varied from 35 d. at 
98° to 570 d. at 60° F. Evaporated milk with a 
reaction of pH 5.9 or less was not an acceptable 
product. Calcium citrate crystals showed a ten- 
dency to develop more rapidly in evaporated 
milks held at temperatures above 70° F. than 
when storage was below this temperature. Dur- 
ing long periods of storage, evaporated milk 
should be held below 70° F. 


M29. Gel formation and fat separation in evap- 
orated milk as affected by the state of milk pro- 
teins. N. P. Tarassuk anp H. D. Smmonson, 
Univ. of California, Davis. 


Fat separation and gelation are problems en- 
countered in the storage of evaporated milk. 
These difficulties are particularly pronounced in 
evaporated milk prepared by high-temperature 
short-time sterilization. The basic factors under- 
lying the gelation defect are not known. Analyses 
have shown that the composition of the gel and 
sol phases is identical, with the exception of dif- 
ferences in the fat content. Studies in progress 


indicate that gel formation can be explained on 
the basis of physical and chemical changes 
brought about by slight hydrolysis of milk pro- 
Mild enzymatic hydrolysis of milk prior 


teins. 
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to sterilization produces marked changes in the 
body of the evaporated milk, varying in degree 
from a slight to a great increase in viscosity, to 
a reversible gel, to a non-reversible gel. The sep- 
aration of fat in treated and subsequently stored 
samples can be minimized or prevented entirely 
without resorting to periodic turning of the cans. 
Data of an accelerated storage test indicate that 
following a 4-mo. storage period at 92° F., the 
fat content of the top 20 ml. of the sample was 
31.1% in the control, as compared with only 
9.5% in one series of treated samples. 

The change in the shape of the protein mole- 
cules from a spherical to a linear type and the 
increased number of polar groups resulting in a 
great increase in hydration are advanced as the 
causes of the physical changes in the body of milk 
brought about by initial hydrolysis of proteins. 


M30. Isolation and characterization of a whey 
constituent capable of producing the solar-ac- 
tivated flavor. B. R. Weinstein, C. W. DuNcAN 
anpD G. M. Trout, Michigan Agr. Expt. Sta., 
East Lansing. 


A minor-protein fraction has been isolated 
from skimmilk which possesses the ability, after 
being photosensitized, of producing the charac- 
teristic solar-activated flavor commonly found in 
homogenized milk. The elementary analysis, 
amino acid composition, isoelectric zone and av- 
erage minimum molecular weight have been de- 
termined. An examination of these data show 
that the minor-protein fraction is not identical 
with any of the characterized whey proteins. 

A minimum molecular weight of 70,300 was 
calculated along lines of orthodox organic chem- 
istry. The determination of 12 amino acids shows 
that the minor-protein fraction contains the fol- 
lowing amino acid residues: Arg;, CyS,, Glug,, 
His,, Leu,,, Mets, Phe, , Thrgs, 
Try, and Val,, (the first 3 letters of each amino 
acid are used as the symbol). Aquasols made 
from the minor-protein fraction have an isoelec- 
tric zone between pH 4.1-4.3 when determined 
by minimum solubility-pH relationships. 

The isolation of the minor-protein fraction from 
the “major-protein-free” serum stresses the pos- 
sible importance of milk proteins other than the 
major milk protein fractions. 


M31. An electrophoretic examination of the 
minor-protein fraction capable of producing the 
solar-activated flavor. B. R. Wernstetn, H. A. 
Littevix, C. W. Duncan anno G. M. Trovt, 
Michigan Agr. Expt. Sta., East Lansing. 


An electrophoretic examination of the minor- 
protein fraction and of the other whey protein 
fractions separated during the isolation of the 
minor-protein fraction has been made. Elec- 
trophoretic resolutions of a 1% solution of the 
minor-protein fraction in acetate, phosphate, am- 
monia and veronal-citrate buffers were studied at 
pH ranges from 3.3-9.3 by the use of a Perkins- 
Elmer electrophoresis apparatus. Analyses of 
the minor-protein fraction indicate that this frac- 
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tion is composed of at least two components or 
complexes. 

A series of patterns was secured from the 
whey and heat-coagulated-whey proteins obtained 
in the course of the isolation of the minor-protein 
fraction. The whey proteins were studied in ace- 
tate, phosphate and veronal-citrate buffers at pH 
ranges from 3.3—7.6 and at various concentrations. 
Patterns of the heat-coagulated-whey serum pro- 
teins were made in veronal-citrate buffer at pH 
7.6. The patterns secured with these two frac- 
tions indicate that the heat-labile whey compo- 
nents were effectively removed by the fractiona- 
tion procedure employed. 

Best electrophoretic resolution and enantiog- 
raphy of all of the whey proteins were effected 
with veronal-citrate buffer at pH 7.6. 


M32. The sulfhydryl grow 
teins. B. L. Larson AND 
Minnesota, St. Paul. 

The total amount of protein sulfhydryl-reduc- 
ing groups, determined by an o-iodosobenzoate- 
iodine titration, decreases upon heat treatment 
of the serum proteins or milk at the temperatures 
used to heat process milk prior to drying, and this 
decrease is attributable chiefly to the B-lacto- 
globulin fraction of the milk serum proteins. 

The effect of heat treatment on the sulfhydryl 
groups of crystalline B-lactoglobulin has been fur- 
ther studied. Sulfhydryl groups are activated to 
varying degrees of reactivity during the heat treat- 
ment. Some are oxidized during the heating 
process, the amount depending on the time and 
temperature of the heat treatment, heavy metal 
concentration and availability of O,. Others, ac- 
tivated during the heating process, are slowly oxi- 
dized if the protein solution is held for 48 hr. 
or more, even at temperatures as low as 0° C. 
Another degree of reactivity is shown by some 
groups which are not oxidized by atmospheric O, 
but are attacked by active sulfhydryl group reag- 
ents such as 0-iodosobenzoate and iodoacetamide. 
Up to 98% of the relatively unreactive sulfhydryl 
groups present in the undenatured crystalline pro- 
tein have been accounted for as groups of greater 
reactivity after heat denaturation. 


M33. A test of the heat stability of milk proteins 
for use in research. R. McL. Wuirney, Katu- 
ERINE PAULSON AND GopaLa K. Murtny, Univ. 
of Illinois, Urbana. 

For research purposes, it is desirable to have a 
test for the heat stability of a milk sample which is 
not only accurate and reproducible but also will 
characterize the particular coagulation phenomena 
occurring in the sample. A test meeting these re- 
quirements has been developed based upon the 
rocking technique of Cole and Tarassuk. 

Eight 1-ml. samples of the milk to be tested 
are sealed in ampules and placed in the rocker. 
The rocker then is placed in an oil bath at the 
desired temperature and rocked by means of a 
constant speed motor. At the first indications of 
incipient coagulation, the time is noted and one 
sample is removed from the bath to ice water; 
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the rest of the samples are removed at suitable 
time intervals thereafter. The samples then are 
centrifuged and filtered and their filterable nitro- 
gen content determined. A plot of the filterable 
nitrogen content against the time yields an S- 
shaped curve which is characteristic of the milk 
sample. Not only does the time at which the 
break in the curve occurs vary with the sample, 
but also the slope of the curve in this region. 

The control of the various factors which is 
necessary to secure valid results and the limita- 
tion of the test also are discussed. 


M34. Studies relating to rennet coagulation time 
and rennet curd tension. L. A. Keiiey, A. M. 
SWANSON AND W. V. Price, Univ. of Wisconsin, 
Madison. 


Rennet coagulation time and rennet curd ten- 
sion determinations have been made on milk 
from the University Dairy at intervals of 4 wk. for 
a period of 1 yr. A composite drip sample rep- 
resenting the entire day’s intake of milk from ap- 
proximately 50 patrons was used for the analysis. 
In addition, the milk was analyzed for fat, total 
solids, acidity, pH, Ca and P. It was the pur- 
pose of this study to compare rennet coagulation 
time with curd tension measurements and to ob- 
serve the effect of such factors as fat, total solids, 
acidity, pH, Ca, P and the addition of CaCl, on 
these determinations. 

The milk in the coagulation tests was tempered 
to 30° C. and a rennet dilution corresponding to 
3 oz. ef rennet /1,000 lb. of milk was used. Coag- 
ulation time was determined by placing the milk 
sample bottles in a water bath (at 30° C.) 
equipped with a rotating mechanism and revolu- 
tion counters. The counter was engaged at the 
time of rennet addition and disengaged upon first 
evidence of coagulation. Rennet curd tension 
was determined by adding the equivalent of 3 oz. 
of rennet/1000 lb. of milk to a 100-ml. sample of 
milk in a beaker. After 30 min. in a 30° C. 
water-bath, a curd knife, similar to that used in 
the ADSA method for curd tension measurement, 
was passed through the curd and the tension 
recorded in grams. 

The results of this study have indicated that 
only a general relationship exists between the 
time of coagulation and the strength of the curd. 
In general, factors which affect one also affect 
the other, although not necessarily to the same 
extent. Both tests are markedly affected by such 
factors as chemical composition, heat treatments, 
cool-aging, casein content, Ca and acid additions 
and seasonal variations in the milk supply. How- 
ever, such factors as homogenization and fat con- 
tent have a much greater effect on curd tension 
than on coagulation time. 


M35. Observations on the effect of heat treat- 
ment upon the dissolved calcium and phosphorus 
in skimmilk. MartHa HuceMan anp R. JENN- 
Ess, Univ. of Minnesota, St. Paul. 

Studies have been made on the effect of heat 
treatment upon the dissolved Ca and P in skim- 
milk. Filtrates were obtained by pressure ultra- 
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filtration of milk in collodion sacs at 5° C. for 
45 min. The sacs, made from a high grade 
collodion, were standardized, using the determin- 
ation for inorganic P as a basis, and were found 
to yield uniform, protein-free filtrates well within 
the range of error for the P and Ca determina- 
tions. Total and inorganic P were determined in 
the filtrates by the method of Fiske and Subbarow. 
Since the volume of filtrate was limited by the 
conditions and method of ultrafiltration, Ca was 
determined by an adaptation of Wang’s semi- 
micro method for blood serum Ca. 

Heat treatment at 80° C. for 30 min. produced 
a 12-18% decrease in the dissolved Ca and in- 
organic P of skimmilk. Upon holding at 5° C. 
for periods up to 48 hr. following heat treatment, 
a slow reversal of this effect was observed. The 
effects of various times and temperatures of heat- 
ing also have been studied. 


M36. Determination of unoxidized tocopherols 
in milk fat. R. L. HANDWERK AND E, W. Birp, 
Iowa Agr. Expt. Sta., Ames. 

A method for unoxidized tocopherols in oxi- 
dizing milk fat was needed. Possible interfering 
substances were thought to be vitamin A, yellow 
pigments, peroxides and tocoquinones. Devlin 
and Mattill’s modification of Emmerie and En- 
gle’s color development procedure was em- 
ployed. Removal of interfering substances was 
attempted with Kjolhede Floridin, modified Kjol- 
hede Floridin, Kjolhede Floridin-alumina com- 
bination and Quaife and Biehler’s hydrogenation 
technique. Peroxides, vitamin A and pigments 
were removed by all but the modified Kjolhede 
procedure, which removed peroxides incom- 
pletely. The Floridin-alumina procedure de- 
stroyed some tocopherols. Tocoquinones were 
reduced in part and determined as tocopherols 
by the Kjolhede Floridin and Quaife and Biehler 
procedures. 

Saponification destroyed peroxides and toco- 
pherol oxidation products. Pyrogallol prevented 
destruction of appreciable quantities of toco- 
pherols during saponification. Saponification was 
incomplete and results were erratic if less than 
2 ml. of 3.5 N KOH were used/g. fat. The pro- 
cedure adopted was: Saponify fat, extract non- 
saponifiables with peroxide-free ether, dissolve 
residue in benzene, chromatograph, develop color 
and read transmittance at 1 min. Fats from 
15 butters, representing 13 states, averaged 24.7 


M37. Detection of vegetable fat in milk fat by the 
tocopherol determination. E. W. Birp, D. J. 
Pate, AND R. L, HANpwerk, Iowa Agr. Expt. 
Sta., Ames. 


Animal fats have low, and vegetable fats have 
high tocopherol values. This investigation was 
undertaken to determine whether addition of 
vegetable fats to milk fat could be detected by the 
tocopherol values. Handwerk and Bird’s pro- 
cedure was modified for vegetable fats. Saponifi- 
cation was conducted at 80° C. (vs. 70° C.) and 
20 ml. of saturated NaCl were added to eliminate 


a third phase when the ether solution of non- 
saponifiables was washed with KOH. 

Data obtained indicate a-tocopherol as the 
principal tocopherol in milk fat, and also that 
a- and total-tocopherols can be estimated from the 
1- and 5-min. transmittance readings. Total 
tocopherols have varied from 10 to 45 y/g. of 
milk fat and 450-750 y/g. of olemargarine fats, 
vegetable shortenings and refined vegetable oils. 
Ratios of tocopherol values at 5 min.: tocopherol 
values at 1 min. range from 1.03-1.24 for milk 
fat and 1.45-2.40 for the other fats and oils and 
for hydrogenated lard, excepting cottonseed oil 
(ratio, 1.25-1.30, total 700-750 y/g). Data ac- 
cumulated indicate the possibility of detecting 
5-10% adulteration in unknown fats. 


M38. Studies on 2-thiobarbituric acid as a 
reagent for detecting milk fat oxidation. G. W. 
Kurtz, E. F. Price anp S. Patron, Pennsylvania 
State College, State College. 


Previous attempts to characterize and measure 
oxidative rancidity of milk fat by chemical means 
have been unsuccessful, due to the fact that 
classical chemical methods give no indication of 
oxidation until organoleptic evaluation reveals the 
product to be unmarketable. 

2-Thiobarbituric acid (TBA), as a reagent for 
detecting fat oxidation, offers a quick, highly 
sensitive test. Laboratory experiments with the 
TBA test have shown that milk fat commences to 
deteriorate during or shortly after manufacturing 
operations and continues to oxidize very slowly 
until the organoleptic threshold has been reached. 
At the end of this induction period, oxidation in- 
creases quite rapidly until the product reaches the 
stage wherein it may be considered unmarket- 
able. The ability to correlate TBA values with 
organoleptic sensations has been carried out quite 
successfully so that the threshold of oxidation may 
be predicted with a certain degree of accuracy. 

The chemical compound which is responsible 
for the TBA test has been tentatively identified 
as malonic dialdehyde (propandial), a compound 
which, in comparatively higher concentrations, 
will also give a characteristic Kreis test. The 
mechanism for the formation of this compound 
from fats is within the bounds of existing oxida- 
tion theories. 


M39. Additional biochemical properties of fresh 
milk influencing the development of oxidized 
flavors. V. N. KruKovsky AND BARBARA YORK, 
Cornell Univ., Ithaca, N. Y. 


An attempt has been made to fill some of the 
gaps in our knowledge of the oxidative processes 
in fresh milk of low-tocopherol fat. The evidence 
showed conclusively that the onset of the reac- 
tions which produce the oxidized flavors in milk 
might be postponed or prevented, depending on 
the presence of more readily oxidizable non- 
flavor forming compounds, the Cu content of the 
milk, the availability of ascorbic acid and its rate 
of oxidation during storage. In the presence of 


ascorbic acid alone and together with increasing 
amounts of Cu, the oxidation of non-flavor-form- 
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ing and flavor-forming compounds is carried on 
preferentially. This was evident from the fact 
that some samples of milk in which ascorbic acid 
was oxidized completely with varying amounts 
of Cu (up to 0.5 mg./1.) as a catalyst, failed to 
develop the oxidized flavors unless ascorbic acid 
was readded. In these samples the intensity of 
oxidized flavors subsequently developed varied 
directly with the Cu content. Apparently, the 
oxidation of non-flavor-forming compounds by 
Cu, as well as by H,O, when used to deplete milk 
of the total vitamin C content by rapid oxidative 
methods, renders milk more sensitive to the de- 
velopment of oxidized flavors upon the readdition 
of ascorbic acid. It also was observed that when 
oxidized flavors developed quickly in milk con- 
taining relatively large amounts of Cu, their in- 
tensity diminished appreciably after all of the 
ascorbic acid was oxidized, and increased again 
upon the readdition of ascorbic acid. Likewise, 
the failure of the control samples of milk to de- 
velop oxidized flavors when their ascorbic acid 
content diminishes fairly rapidly during storage 
could be accounted for by the preferential oxi- 
dation of non-flavor forming compounds. The 
types and sequence of detected flavors were simi- 
lar to those recently reported. 


M40. A study of the microflora of blue cheese 
slime. C. B. Hartiey anv J. J. Jezesx1, Univ. 
of Minnesota, St. Paul. 

Slime development was followed on blue cheese 
manufactured by the Minnesota and Iowa State 
processes and which was cave-ripened at tempera- 
tures of 46-49° F. and 55-58° F., respectively. 
Estimates of the total numbers of organisms pres- 
ent, as well as lipolytic and proteolytic counts, 
were obtained. Cultures of organisms appearing 
in the slime were isolated and studied in detail. 
The pH, salt content and moisture content of the 
slime and the cheese just beneath the slime also 
were determined. 

The slime on all lots of blue cheese ripened at 
46-49° F. followed a similar pattern of develop- 
ment with respect to types and numbers of micro- 
organisms present. Initially, the slime consisted 
of very nearly 100% yeasts but after the first 
scraping micrococci became predominant. The 
micrococci were followed in turn by rod-like bac- 
teria. The slimes on cheese cured at 55-58° F. 
differed in the types and numbers of organisms 
present. The total counts were significantly higher 
at the lower curing temperatures. An organism 
resembling B. erythrogenes was found in large 
numbers toward the end of the sliming period at 
46-49° F. B. linens never was found to be pres- 
ent in the slime of cheese ripened at 46-49° F., 
but was isolated from cheese ripened at 55-58° F. 

The pH of the slime and the cheese just be- 
neath the slime was found to have a definite rela- 
tionship to the types of microorganisms appear- 
ing at various stages of the sliming period. 

Several factors were found to affect slime 
development. The most important of these ap- 
peared to be the temperature. 


M41. The effect of bleaching with benzoyl per- 


oxide on the vitamin A potency of milk and blue 
cheese. J. J. Jezesxi, S. Kuramoro, W. B. 
Comps AND H. A. Morris, Univ. of Minnesota, 
St. Paul. 


Federal regulations permit the use of benzoyl 
peroxide (not more than 0.002% by weight) in 
the bleaching of milk for the manufacture of 
blue cheese, providing vitamin A is added to 
compensate quantitatively for the vitamin A po- 
tency destroyed in the bleaching process. To 
determine the extent of destruction of vitamin 
A potency, several lots of cheese were made by 
the Minnesota and the Iowa State processes from 
milk which was bleached with benzoyl peroxide 
(Novadelox). Vitamin A and total carotenoids 
were determined on the milk and cheese during 
various stages of manufacturing and ripening by 
the method of Boyer et al. (Ind. Eng. Chem., 
Anal. Ed., 15: 101-102. 1944.) 

Vitamin A in the bleached milk used in the 
Minnesota process remained essentially unaltered 
in contrast to a 50-70% decrease in total caro- 
tenoids, the loss being dependent on the severity 
of the treatment. A further slight decrease in 
both total carotenoids and vitamin A was ob- 
served in the green curd. After ripening for 6 
mo., another decrease in the residual carotenoids 
was detected, while a slight increase in vitamin A 
was observed. 

The bleached milk used in the Iowa State proc- 
ess showed a greater initial loss of total caro- 
tenoids and a slight loss of vitamin A. A further 
slight decrease in both total carotenoids and vita- 
min A likewise was observed in the green curd. 
After 120 d., a significant decrease in both vitamin 
A and total carotenoids was obtained. 

Different methods of handling the milks dur- 
ing the bleaching procedure for each of these 
cheese making processes probably accounts for 
the differences in the initial decreases in vita- 
min A potency observed. 


M42. Partition of lactose, citric acid and 
biacetyl during the manufacture of cottage cheese. 
M. A. KrisHNASWAMY AND F. J. BaBet, Purdue 
Univ., Lafayette, Indiana. 

Studies were conducted on the partition of 
lactose, citric acid and biacetyl during the manu- 
facture of cottage cheese by the long-time and 
short-time methods. Production of biacetyl in un- 
creamed and creamed curd held at 40° F. also 
was studied. Cottage cheese curd obtained by 
the long-set method contained from 3.52-3.71% 
lactose soon after cutting and from 1.52-2.32% 
after cooking and washing. After storage for 10 
d. the dry curd contained from 1.44-1.60% lac- 
tose. The average citric acid content of the skim- 
milk used for cottage cheese manufacture was 
0.12% At the time of cutting, no citric acid 
was detected in the whey and approximately 
0.01% was present in the curd. A trace of citric 
acid was present in the curd after cooking and 
washing. Considerable variation existed in the 
partition of biacetyl during the manufacture of 
cottage cheese. Freshly cut curd contained from 
1.34-2.52 ppm. biacetyl and whey contained 
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1.22-1.74 ppm. biacetyl. After cooking and 
washing, the curd contained 1.06-2.55 ppm. 
biacetyl. Generally, a slight increase in biacetyl 
was noted in the dry curd and creamed cottage 
cheese after holding 4 d. at 40° F. After 7 d., the 
biacetyl content of both dry curd and creamed 
cottage cheese usually decreased. Manufacture of 
cottage cheese by the short-set method resulted 
in the curd having a higher citric acid content 
than was evident with the long-set method. The 
size of the curd particles influenced the reten- 
tion of lactose, citric acid and biacetyl. 


M43. A study of process cheese emulsifiers. A. 
F. Hottorrr, Vircinta MuLarz AND E, Trats- 
MAN, Kraft Foods Co. Research Lab., Glenview, 
Ill. 

In an attempt to understand the role of emul- 
sifiers in the processing of cheese, a series of in- 
organic and organic compounds has been studied. 
Evaluation is made in terms of changes in water- 
soluble nitrogen, fat leakage, compressibility, knit 
and flavor of the finished product. Data is given 
for combinations of certain compounds and for 
concentrations up to 3%. 

Satisfactory emulsifiers studied all have poly- 
valent anions, form alkaline solutions, and precip- 
itate or sequester Ca, although all compounds 
which satisfy these criteria are not good emul- 
sifiers. Conventional fat and water emulsi- 
fiers, such as Tweens & Spans, fail in this appli- 
cation, actually acting as de-emulsifiers in some 
instances. Other materials, though producing 
a satisfactory emulsion at the time of use, show 
degeneration of knit and body upon storage. 

‘Treatment of cheese with proteolytic enzymes 
in an attempt to produce emulsification through 
protein degradation was unsuccessful. That pro- 
tein breakdown is not the key to emulsification is 
further indicated by relatively unchanged values 
for water-soluble nitrogen between unprocessed 
and processed cheese. 


M44. The endoprotease activity of some oxida- 
tive type yeasts isolated from trappist cheese. 
S. A. SzuMskr J. F. Cone, Pennsylvania 
State College, State College. 

Forty-five yeast cultures, representing two 
groups of Trichosporon and one group of De- 
baryomyces, were isolated from the slime of 
trappist cheese throughout the ripening period. 
The Trichosporon cultures on autolysis yielded 
endoprotease showing an activity in the pH range 
5.0-7.0; the Debaryomyces culture, an endopro- 
tease active in the pH range 5.0-6.6. The opti- 
mum pH for all autolysates was 5.8. When 
grown in skimmilk, the yeasts showed a progres- 
sive peptonization of the casein which was greatest 
in the pH range 5.0—6.6, and in the stage when 
cell autolysis was most rapid. Pure Debaryo- 
myces cultures, which failed to lower the pH of 
the milk to the range 5.0 to 6.6, showed no pep- 
tonization; when grown in association with Strep- 
tococcus lactis, a typical peptonization took place 
in the pH range of activity of its endoprotease. 
The endoprotease of one of the Trichosporon 


groups differed from the other in showing rennet- 
like activity and sensitivity to salts of heavy 
metals. It is suggested that the endoprotease 
activity of these yeasts may play an important 
part in the normal ripening of surface-ripened 
cheese. 


M45. Brick cheese.1 H. J. BuyeNs W. V. 
Price, Univ. of Wisconsin, Madison. 

A commercially feasible routine method of con- 
trolling the quality and composition of brick 
cheese has been developed and studied. This 
procedure involves a carefully regulated water 
treatment of the curd just before it is placed in 
the hoops. The routine requires the use of pas- 
teurized milk, clean active lactic starter and a 
controlled salting procedure. Several factors in- 
fluence the results of the water treatment. These 
are: (a) size of cut of curd, (b) amount of water 
used, (c) duration of the water treatment and (d) 
temperature of the water. The effects of varia- 
tions of these factors upon moisture, salt, pH, 
flavor and body have been isolated and studied. 

The cheese produced by this method develops 
mild, characteristic flavor and a pleasing, smooth 
consistency in a period of 4 wk. of curing at 
60° F. 


1 This work was done in cooperation with the 
Bureau of Dairy Industry, USDA, and with funds 
provided by the Agricultural Research and Market- 
ing Act of 1946. 


M46. Retarding moisture loss and flavor de- 
terioration in packaged ice cream. J. A. MEIsER, 
Jr., Michigan Agr. Expt. Sta., East Lansing. 

Studies involving six styles of paper containers 
showed the following to be effective in retarding 
moisture loss and flavor deterioration of packaged 
ice cream: (a) heavy weight papers, (b) paraffin 
and plastic coatings, (c) low cabinet temperatures 
and (d) short storage periods. 

Desiccation and flavor deterioration in plastic 
and metal containers used in this study were 
negligible provided lids were used on the con- 
tainers. Parchment substituted for metal or plas- 
tic lids offered little protection. 

Continued dehydration of improperly packaged 
ice cream altered the product physically in that 
toughened films appeared on the lateral and 
horizontal surfaces of the frozen mass. Analysis 
of this film, following 4 wk. storage, showed a 
15% moisture loss. This outer layer was criti- 
cized as being extremely gummy and possessing 
a strong storage flavor. Eventually, the ice cream 
receded from the container wall and fell to a 
lower level. Severely dehydrated samples pos- 
sessed a shrunken appearance. Approximately 
8-wk. storage was necessary to produce this al- 
teration in untreated paper containers. 


M47. Study of the effect of mix composition 
and freezing conditions upon properties of soft 
ice cream. P. F. Rosst anv J. J. SHEURING, 
Univ. of Georgia, Athens. 

Ice cream mixes containing various amounts 
and sources of milkfat, milk solids-not-fat, sugar, 
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stabilizers and emulsifiers were tested for acidity, © 


pH, viscosity and mix composition. The mixes 
were frozen in two types of equipment, one of 
which was a continuous “soft” ice cream freezer. 
The soft ice cream was judged for dryness, body 
and texture, lustre, meltdown characteristics, 
flavor and firmness as it was drawn from the 
freezers at various overruns and drawing tempera- 
tures. 

Most of the physical characteristics of soft ice 
cream improved as the milk solids of the mixes 
were increased. A desirable soft ice cream of 
maximum overrun was obtained when the mix 
contained at least 6% milkfat, 11.5% milk 
solids-not-fat, 14% sugar, 0.30% stabilizer and 
0.1% emulsifier. The maximum overrun ob- 
tained in soft ice cream was 46% at 20.1° F. 
The desirable characteristics of soft ice cream 
were obtained more frequently when the drawing 
temperatures were not less than 20° F. when 
frozen on the type freezer used in this study. 


M48. The effect of various steps in manufacture 
on the extent of serum protein denaturation in 
nonfat dry milk solids. H. A. Hartanp, S. T. 
CouLTER AND R. JENNEssS, Univ. of Minnesota, 
St. Paul. 


The effect of various degrees of heat treatment 
during the different steps in manufacture on the 
extent of serum protein denaturation in nonfat 
dry milk solids has been investigated. Serum 
protein denaturation was determined by the 
method of Harland and Ashworth (Food Re- 
search, 12: 247), which depends upon the photo- 
metric measurement of the turbidity of the pre- 
cipitated serum proteins resulting from acidifica- 
tion of the casein-free filtrate obtained by satura- 
tion of the milk with NaCl. 

Normal’ pasteurization causes only a negligible 
denaturation of the serum proteins. The extent 
of denaturation is a function both of temperature 
and time. For any given percentage serum pro- 
tein denaturation a plot of the log of time against 
temperature is a straight line. Preheating at 
145° F. for 50 min. or 173° F. for 18 sec. de- 
natures about 5% of the serum proteins. Con- 
densing in a single-effect vacuum pan at normal 
operating temperatures results in no heat damage 
to the milk, as measured by the denatured serum 
proteins, whereas condensing in a triple effect 
evaporator may result in up to 20% denaturation 
of the serum proteins when the first effect is 
operated at about 17 in. of Hg gauge. Drying, 
per se, has no denaturing effect on the milk 
serum proteins. 

Whether the absolute amount of denatured or 
undenatured serum proteins in a given sample of 
nonfat dry milk solids can be used as a criterion 
of the suitability of the sample for various uses 
will depend on the degree of correlation between 
the extent of denaturation and the uses in ques- 
tion. Moreover, variations among milk supplies 
in the concentration of serum proteins possibly 
may limit the validity of this method as a cri- 
terion of utility of nonfat dry milk solids. 


M49. Estimation of the serum protein content 
as a method of evaluating nonfat dry milk solids 
for use in cottage cheese manufacture. H. A. 
Morris, S. T. Courter, W. B. Comps anp L. R. 
He1nze1, Univ. of Minnesota, St. Paul. 

Lots of skimmilk given varying heat treatments 
were made into cottage cheese according to a 
standardized manufacturing procedure. The 
milks were analyzed before and after heat treat- 
ment for serum protein content using the method 
of Harland and Ashworth (Food Research, 12: 
247). Estimation of the cottage cheese-making 
quality of the milks was attempted by: (a) rate 
of syneresis of the curd as determined by density 
and moisture changes, (b) loss of milk solids in 
the whey as measured by whey turbidity, per cent 
whey solids and ratio of the amount of cheese 
solids to skimmilk solids, (c) liquid absorption, 
(d) organoleptic examination, (e) moisture con- 
tent and (f) yield of the finished cheese. Since 
the serum protein content of the unheated skim- 
milk used in this study did not vary appreciably, 
the serum protein values are reported as the per 
cent of denatured protein. 

Excellent cottage cheese was made from skim- 
milk having 6% or less denatured serum pro- 
teins. Skimmilks which had been subjected to 
heat treatments resulting in 10% or more serum 
protein denaturation were not satisfactory for 
cottage cheese manufacture, using the standard- 
ized method of manufacture without the addition 
of Ca or Mg salts or increasing the solids content 
of the skimmilk. If serum protein denaturation 
does not exceed 6-10%, the reconstituted nonfat 
milk reacts much in the same manner as pas- 
teurized skimmilk in cottage cheese manufacture. 
Marked differences were observed, however, if 
serum protein denaturation approached 20%. 
Whether the level of undenatured serum proteins 
in nonfat dry milk solids can be used to select 
nonfat dry milk solids for cottage cheese manu- 
facture will be determined in part by the extent 
of variability of the serum proteins in milk. 


M50. An evaluation of the methods used to de- 
termine the baking quality of nonfat dry milk 
solids. B.L. Larson, R. JEnNess, W. F. Geppes 
AND S. T. Courter, Univ. of Minnesota, St. Paul. 


To determine the effects of variations in the 

manufacturing process upon the baking quality of 
nonfat milk solids and on the results of various 
methods which have been proposed for their 
evaluation, several samples of nonfat dry milk 
solids were prepared. Skimmilk was preheated 
for 30 min. at temperatures ranging from 145- 
195° F., condensed to about 40% solids, and 
subsamples were spray-dried, superheated and 
spray-dried, and roller-dried. 
- All nonfat milk solids which were preheated at 
145 and 155° F. were of poor baking quality, 
even though those which were superheated and 
roller-dried received a high heat treatment. 

Physical dough tests, such as the farinograph 
and extensograph, and physical tests on recon- 
stituted milks, such as viscosity and solubility 
index, measure mainly the degree of casein de- 
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stabilization which results in increased water 
absorption, an effect produced during the super- 
heating and roller-drying processes, which has 
little relationship to baking quality. The amount 
of undenatured serum protein, determined either 
by precipitation or by reducing-group methods, 
was of most value as an index of the extent of the 
preheating treatment which the milk had received. 

There is some promise that the use of several 
of these tests, jointly, will serve to reveal the 
nature of the manufacturing process to which the 
milk has been subjected and to establish 
whether it has been adequately heat treated to 
produce nonfat dry milk solids of good baking 
quality. 


M51. A tactual flavor defect of dried milk. 
J. T. Hutton anv D. V. JoserHson, Pennsyl- 
vania State College, State College. 


Reconstituted dried milk fails to reproduce the 
delicate flavor of fresh milk primarily because of 
oxidative degradation of the fat phase and be- 
cause of a “rough” or “chalky” tactual character 
imparted to the serum phase during the requisite 
heating and drying operations. This latter tac- 
tual defect is the subject of this report. It is 
detectable, by experienced observers, in heated 
milk and is developed further during the drying 
process. 

The presence of “roughness” in heated whey 
and its absence in heated “protein-free” whey and 
in dried sodium caseinate systems, suggests that 
it is induced by heat denaturation and dehydra- 
tion of the whey proteins. Preliminary studies 
on the role of the individual whey proteins in- 
dicate that B-lactoglobulin is a significant con- 
tributor to this defect. 


M52. Separation and recombination as a means 
of deferring an oxi‘ized (cardboard) flavor in 
milk during frozen storage.t T. J. MucHa AND 
R. W. Bett, Bureau of Dairy Industry, U.S.D.A. 


An oxidized or cardboard flavor is less likely 
to develop in milk during frozen storage if the 
milk first is separated and the cream is pasteurized 
and homogenized and then recombined with the 
pasteurized skimmilk. When cream of less than 
25 or more than 30% fat content is used in pre- 
paring this recombined milk, there is a greater 


tendency to develop the oxidized flavor during 
frozen storage than when 25-30% cream is util- 
ized. The same is true whenever the homogen- 
izing pressure is less than 1,500 Ib./in.* and the 
homogenizing temperature is below the melting 
point of the fat or about 35° C, 

The increased flavor stability of this recom- 
bined milk is not sufficient to counteract the cata- 
lytic effect of 0.5 part per million of added Cu. 
Removal of lecithin and other substances during 
separation is not a factor in this increased flavor 
stability, because pasteurized and homogenized 
recombined milk prepared from the raw cream 
and raw skimmilk is more susceptible to the de- 
velopment of this off-flavor than the similarly pas- 
teurized and homogenized whole milk. 

1 This work was done with funds provided by the 
Agricultural Research and Marketing Act of 1946. 


M53. Preservation of chocolate drink by freez- 
ing. C. J. Bascock anp D. R. Srroset, Prod. 
and Marketing Admin., U.S.D.A., R. H. Yacer, 
VC, USA, anv E. S. WinpHam, Army Medical 
Center, Washington 12, D. C. 

To determine the effectiveness of freezing as a 
preservative of chocolate drink, three commercial 
samples processed as follows were used: Sample 
1.—Skimmilk through plate heater at 165-175° F. 
and into vat, standardized to 1% butterfat and 
cocoa (20 lb./100 gal.) powder with stabilizer 
and sugar (30 lb./100 gal.) added. Held in vat 
20 min. Sample 2.—Skimmilk heated in vat and 
95 lb. of chocolate syrup and 54 Ib. of sugar 
added/193 gal. of skimmilk. Held at 160° F. 
for 30 min. Sample 3.—590 gal. of skimmilk 
heated to 90-110° F., sugar (280 Ib.) and cocoa 
(90 Ib.) powder added and then standardized 
with 38% cream. Heated to 160° F. for 30 min. 
The samples were checked for flavor, frozen at 
-10° F. and stored at 0° F. Samples were re- 
moved from storage at monthly intervals for 
determination of flavor and sedimentation. 

Data will be presented showing analyses of the 
samples of chocolate drink prior to freezing, 
analyses of sections of the samples after freez- 
ing, degree of sedimentation and the effects of 
methods of thawing on the degree of sedimenta- 
tion. After 13 mo. of storage, samples of the 3 
chocolate drinks showed no flavor deterioration or 
sedimentation to an objectionable degree. 


PRODUCTION SECTION 


Pl. A factor contributed by the male resulting 
in early bovine embryonic mortality. G. W. 
Sauissury, Univ. of Illinois, Urbana, R. W. 
Bratton, Cornell Univ., Ithaca, N. Y. 

It is well known that the number of calves born 
in an artificial breeding operation may not be 
accurately reflected by the usual method of calcu- 
lating apparent conceptions from the non-returns 
to service. Especially is this differential marked 
if the non-return calculatiou is made in a limited 
time interval after insemination. This difference 
decreases as the calculation is made at progres- 
sively longer intervals after insemination. Rou- 


tine calculations have been made to determine the 
decrease in apparent fertility between 1-mo. and 
5-mo. non-returns to service in a large artificial 
breeding operation. The results indicate that the 
decrease in apparent fertility, suggestive of early 
embryonic mortality, is associated primarily with 
the bulls supplying the semen and is highly cor- 
related in a negative direction with the fertility 
level of the individual bulls as measured by 1-mo. 
non-returns to service. Other factors affect the 
decrease noted, as for example, the age of the 
diluted semen used, but the season of the year has 
no important effect. 
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P2. Progress report on Red Sindhi crossbreed- 
M. H. Forman anv R. E. McDoweE 
Bureau of Dairy Industry, U.S.D.A. 

Preliminary results of the research with Red 
Sindhi (Zebu) cattle show that the Sindhi-Jersey 
crosses, at a given age, generally are larger than 
the normals for either of the parent breeds. The 
first-generation crossbreds, when submitted to 
high temperatures under controlled conditions, 
show greater heat tolerance than do purebred 
Jerseys, as determined by changes in body tem- 
perature and respiration rate. Lactation records 
are being obtained on the first-generation cross- 
breds. 

1 This work was done with funds provided by the 
Research and Marketing Act of 1946. 


P3. Heritability of the percentage of white hair 
area in Ayrshires. G. C. Pickarp anp W. J. 
TyLer, West Virginia Univ., Morgantown. 


Visual estimates of the percentage of white hair 
area on the body surface of 632 heifers and 69 
bull calves of the Ayrshire breed were made at the 
West Virginia Agricultural Experiment Station. 
The intra-sire regression of offspring’s percentage 
white on dam’s percentage white was 0.44 for the 
females and 0.51 for the males. These figures 
when doubled gave 88 and 100% as an estimate 
of the heritability of individual differences in per- 
centage white hair area. The 95% fiducial limits 
for the intra-sire regressions were 0.38-0.50 for 
the females and 0.31-0.71 for the males. 

This would indicate that the heritability of 
white hair area is very high in Ayrshires and that 
mass selection on the basis of the percentage of 
white can change the herd rather rapidly from 
predominantly one color to the other color. 


P4. Prediction value of dairy pedigrees. N. R. 
Tuompson, Virginia Polytechnic Inst., anp M. C. 
Hervey, Univ. of Minnesota, St. Paul. 
Equal-parent indices (based on 10 or more 
daughter-dam comparisons) of 57 Guernsey bulls 
were compared with similar indices of their 3 
nearest malé ancestors and with production rec- 
ords of their 3 nearest female ancestors. All 
records were adjusted to 365-d. 3 milkings daily 
mature equivalents. Simple and multiple corre- 
lations were computed between the indices of the 


' 57 sires and the corresponding data for their 6 


nearest ancestors. 

In milk yield, the standard partial regression 
coefficients of ancestors’ indices (or records) on 
bull’s index were 0.183, 0.224, 0.076, 0.145, 
— 0.064 and 0.041 for sire (X,), dam (X,), pa- 
ternal grandsire (X,), paternal granddam (X,), 
maternal grandsire (X;) and maternal grand- 
dam (X,), respectively. Corresponding values 
for butterfat per cent were 0.279*, 0.304, — 0.017, 
— 0.082, 0.090 and 0.060, and for pounds of but- 
terfat 0.026, 0.327*, -0.304, 0.262,—0.100 and 
0.204. Multiple correlations (between bull’s 
index and all 6 ancestors) were 0.371 for milk, 
0.502* for per cent, and 0.500* for fat. After 
eliminating certain ancestors, multiple correlation 
values became 0.335* for milk (X;, X,, X;, 


eliminated ), 0.488** for per cent (X;, X,, X; and 
X, eliminated) and 0.440** for fat (X,, X;, X, 
eliminated ). 

* Significant at 5% level. 

** Significant at 1% level. 


P5. Sex-influenced color inheritance in cattle. 
C. S. Batpwin, L. O. Girtmore anp D. C. Rire, 
Ohio State Univ., Columbus. 


Mahogany hair color in Ayrshires and Jersey 
cattle has been postulated to be inherited as a 
sex-influenced modifier of the gene for blackish 
hair (Bs). A study was conducted to establish 
definite conclusions on the definition of these char- 
acteristics and manner of expression and to check 
on the mode of inheritance of the mahogany 
trait. Whole mounts of Bs hairs were examined 
microscopically and compared with red and black 
hairs. A total of 1,132 cattle, 844 Ayrshires and 
288 Jerseys were classified for color shades and 
patterns on various areas of the body. A gene 
frequency analysis was made on the data collected 
to check the manner of inheritance of mahogany. 

Blackish hairs were found to have a concentra- 
tion of black pigment granules in the cortex, re- 
sulting in a shade of color intermediate between 
dark cherry red and black. The minimum area 
affected by the action of Bs has been delineated 
to include only the area of the cheek and that 
surrounding the eye. The frequency with which 
blackish occurs with age has been established to 
reach a maximum in Ayrshire and Jersey females 
at approximately 2 yr. of age, and in males of the 
same breeds at | yr. of age. 

A gene-frequency analysis showed mahogany to 
be a sex-influenced trait with a frequency for 
the gene of 0.4481 and 0.5692, respectively, in 
the Ayrshires and Jerseys studied. 


P6. Uniformity of semen production and be- 
havior in monozygous triplet bulls. H. H. O:son 
AND W. E. PeETersEN, Univ. of Minnesota, 
St. Paul. 

Previous studies of monozygotic animals, under 
the same environment, have shown very striking 
likenesses for a number of characteristics. This 
study was undertaken to determine if the char- 
acteristics of semen produced by identical triplet 
bulls also are alike. 

One set of grade Milking Shorthorn identical 
triplet bulls was subjected to the same environ- 
ment before and during the experiment. The 
weights were constantly within a few pounds of 
each other. These bulls were brought into serv- 
ice, after considerable effort, at 13.5 mo. of age. 
For a period of 16 wk. 1 ejaculate was collected 
at weekly intervals, followed by a 12-wk. period 
during which 2 ejaculates were collected at weekly 
intervals. 

All three bulls were alike in stubbornness and 
lack of interest in serving. The semen tests used 
included volume, density, total number of sperm 
per ejaculate, motility, methylene blue reduc- 
tion time and abnormal sperm. No real differ- 
ences were found between the bulls when these 
data were analyzed by statistical measures. The 
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analyses of variance of the first 16 wk. indicated 
no significant differences in volume, density, total 
number of sperm per ejaculate or methylene blue 
reduction time. The only differences found be- 
tween the bulls were a highly significant differ- 
ence in motility and a significant difference in 
number of abnormal sperm produced. Analyses 
of variance for the last 12-wk. period indicated no 
significant differences between the bulls for all of 
the above characteristics. An over-all study of 
first ejaculates for 28 wk. indicated no significant 
differences between the bulls. 

The results of this study, although preliminary, 
indicate that identical triplet bulls are alike in 
semen production as well as many other morpho- 
logical and physiological characteristics. Further 
studies of identical twins are being conducted to 
determine whether monozygotic bulls are alike in 
their quality and quantity of semen production. 


P7. The storage of egg yolk-sodium citrate 
semen diluter. V. Hurst, S. Carolina Agr. Expt. 
Sta., Clemson. 

Studies are under way to determine the value 
of egg yolk-sodium citrate semen diluter stored 
for extended periods of time prior to use. Di- 
luters have been stored in liquid form for 1 wk. 
at 38° F. and frozen at 18-22° F. for periods up 
to 4.5 mo. Liquid and frozen diluters were stored 
with and without penicillin-streptomycin. Crys- 
talline sodium penicillin G was added at the 
rate of 1,000 units/ml. of diluter and streptomy- 
cin sulfate at the rate of 1,000 y/ml. of diluter. 
The diluters in all cases consisted of 20% egg 
yolk and 80% 0.1 M sodium citrate. Stored 
diluters were warmed to 65-70° F. prior to the 
addition of semen. Semen ejaculates were col- 
lected and added to fresh control and stored 
diluters at a 60-fold dilution rate. The samples 
then were stored at 38° F. Motility ratings were 
made daily for 6 d. 

No consistent differences in sperm livability 
were observed in 18 ejaculates split into fresh con- 
trol, week-old control and week-old diluters to 
which penicillin-streptomycin had been added. 
On the basis of 4-mo. non-returns, 4 out of 5 
cows conceived to semen stored in fresh diluter, 
2 out of 6 cows conceived to semen stored in con- 
trol diluter 1-wk. old, and 3 out of 5 cows con- 
ceived to semen stored in 1-wk.-old diluter to 
which penicillin-streptomycin had been added. 

Each of 16 ejaculates was divided into 3 por- 
tions for dilution with fresh control diluter, frozen 
control diluter which had been stored for 4.5 
mo., and with frozen diluter to which penicillin- 
streptomycin had been added and then stored 
for 4.5 mo. Microscopic examinations showed 
similar motility ratings for the 3 types of diluters. 


P8. Some biases to consider in measuring fer- 
tility in artificial insemination. R. H. Foore, 
C. R. HENDERSON AND R. W. Bratton, Cornell 
Univ., Ithaca, N. Y. 

The large number of cows bred artificially to- 
day has made it possible to test adequately vari- 
ous aspects of fertility and to improve the con- 


ception rate in artificial breeding by application 
of the results. 

For example, the use of antibacterial agents 
in the semen has been shown to improve the 
conception rate, particularly in the case of “low 
fertility” bulls. However, frequently the bulls 
have been classified as highly fertile or less fer- 
tile on the basis of the fertility results obtained 
with the untreated semen during the experimental 
period. This procedure automatically overesti- 
mates any real effect that the treatment may have 
on semen from low-fertility bulls. This fact is 
illustrated with data on split ejaculates receiving 
essentially the same treatments or no treatment. 

Likewise, the estimation of the fertility of 1st- 
service cows versus 2nd-service cows in artificial 
breeding by calculating the percentage of non- 
returns to service may be biased. A study of 
370,752 1st and 2nd services indicated that the 
per cent non-returns to Ist services was about 5% 
higher than 2nd services. However, when the 
bulls’ fertility (per cent non-returns to Ist serv- 
ice cows) x,, and the number of 2nd services 
expressed as a percentage of the number of Ist 
services, x,, was computed for each of 22 Hol- 
stein bulls, a correlation coefficient of + 0.69 
(P<0.01) was obtained. Consequently, 2nd- 
service cows tended to be mated to the more 
fertile bulls, making the 5% difference observed 
actually less than the real difference between Ist- 
and 2nd-service cows. Also, this suggests that a 
comparison of the fertility of bulls within a stud 
should be made on the basis of Ist services, or if 
2nd services are included to give greater numbers 
they should be properly weighted. 


P9. Semen production and fructose content of 
semen as related to controlled levels of sexual 
excitement of dairy bulls. C. Branton Anp G. 
D’ArENsBOURG, Louisiana State Univ., Baton 
Rouge. 

Using 6 bulls, 2 Jerseys, 2 Holsteins and 2 
Guernseys, an experiment was conducted to re- 
late semen production, semen characteristics, 
fructose content of the semen and fertility of the 
semen to 3 levels of sexual excitement. The 
levels of sexual excitement consisted of non-re- 
straint (A), one false mount (B) and two false 
mounts (C). Only 1 ejaculate was collected at 
each weekly collection period during the 18-wk. 
experiment. The experimental design for each 
bull was two 3 x 3 Latin squares. 

The mean values for treatments A, B and C 
were as follows: Volume per ejaculate (ml.) 3.67, 
4.52 and 4.87; initial motility (%) 58, 63 and 
61; number of motile spermatozoa per ml. (x 10°) 
1,137, 1,414 and 1,377; number of spermatozoa 
per ejaculate (x 10®) 4,516, 6,405 and 6,370; 
number of motile spermatozoa per ejaculate 
(x 10%) 2,562, 3,977 and 3,890; methylene blue 
reduction time (min.) 6.70, 6.54 and 6.54; and, 
fructose per 100 ml. semen (mg.) 613, 535 and 
590, respectively. Amalyses of variance of the 
data showed that the differences between the 
mean values for volume per ejaculate, numbers of 
spermatozoa per ml. and per ejaculate, number 
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of motile spermatozoa per ejaculate and fructose 
content were statistically highly significant. Ex- 
cluding the data from the bull that died during 
the course of the experiment these differences 
were much greater. This was the only bull that 
failed to show the same general trend. Individual 
mean values for the bulls on the above criteria and 
some fertility data will be presented later. 


P10. The fertility of bovine semen in diluters 
containing varying amounts of egg yolk. J. O. 
Atmguist AND D. L. THacker, Pennsylvania 
Agr. Expt. Sta., State College. 

Using the split-sample technique, comparisons 
were made between standard yolk-citrate diluter 
containing 50% egg yolk (1: 1, yolk to buffer) 
and diluters containing 25, 16.7 and 12.5% egg 
yolk (1: 3, 1:5 and 1: 7, yolk to buffer). No sig- 
nificant differences in fertility were obtained in a 
field trial involving 8,222 Ist-service cows. Un- 
der present field conditions in which most semen 
is used for insemination within 3 d., these data in- 
dicate that fertility results practically as good as 
those obtained with 50% egg yolk can be expected 
with concentrations of egg yolk as low as 12.5%. 


Pil. The effect of dead and immotile sperm on 
the motility and fertility of the stronger sperm in 
bovine semen. H. J. BEARDEN AND E. W. Swan- 
son, Univ. of Tennessee, Knoxville. 


Cold shock, heat and water each were used to 
kill the sperm in one-half of a split sample. The 
killed sample and the normal semen were mixed 
in proportions of untreated to treated of 75: 25, 
50:50 and 25:75. Samples of the untreated 
and treated semen also were stored as controls. 
There was no consistent effect during 10-d. storage 
at 5° C. on the motility of the viable sperm when 
mixed with varying proportions of killed sperm. 

Five bulls were selected to study the effect 
of adding the poorer of 2 ejaculates to the bet- 
ter. The better ejaculate was diluted to the total 
volume to be shipped. Half of this was tubed and 
called treatment A. The poorer ejaculate was 
added to the remainder and called treatment B. 
The inseminators were divided into 2 groups 
which alternately received treatments A and B 
from each bull for 4 collection days. From a 
total of 578 services, the 60- to 90-day non-returns 
were 63.9 and 66.3% for treatments A and B, 
respectively. The difference was not statistically 
significant; dead or weak sperm do not alter the 
activity or function of strong viable sperm. 


P12. Metabolic response of bovine semen to 
sodium arsenite. D. Maniter anv A. B. 
ScuuttzeE, Univ. of Nebraska, Lincoln. 


The role of sulfhydryl groups in cell metab- 
olism has been shown to be an important one. 
By its ability to combine with —SH groups, Na 
arsenite in low concentrations increases O, up- 
take of sea urchin sperm and in higher concen- 
trations decreases O, uptake, indicating a dual 
role for sulfhydryl groups with reference to the 
metabolism of these sperm. 

The influence of Na arsenite on O, uptake of 


individual ejaculates of bovine semen was deter- 
mined. A concentration of 5 x 10-1°M Na arse- 
nite resulted in O, uptake values ranging from 
75% up to 200% of control values. A concentra- 
tion of 1 x 10-°M Na arsenite resulted in O, up- 
take values ranging from 60 to 150% of control 
O, uptake. Thus, there was a wide difference in 
response of semen ejaculates to Na arsenite influ- 
ence. The character of the response appears to be 
partly dependent on the fertility of the semen. In 
general, semen with low fertility responded with 
an increased O, uptake with low concentrations of 
Na arsenite, while more fertile semen showed 
less increase or a decrease in O, uptake. 


P13. A comparison of U. S. grades of alfalfa hay 
for milk production. O. H. Horton anp K. E. 
Harsuparcer, Univ. of Illinois, Urbana. 

This study was initiated to compare the feeding 
value of U. S. grades of alfalfa hay for milk pro- 
duction as measured by change in body weight, 
milk production and palatability. Fifteen cows 
were selected and divided into groups of 3 by 
matching them as nearly as possible with respect 
to stage of lactation, body weight and daily milk 
production. Within each group, all cows were 
fed alike except for grade of hay. Silage was not 
fed. A 3x3 Latin square with 5 replicates was 
used as the design. The experimental period was 
4 wk. in length and the transition period 1 wk. 
Hays officially graded no. 2, no. 3 and Sample 
were used in the basic experiment. In addition 
a comparison between no. | hay and no. 2 hay was 
made. 

Preliminary data show that the amount of no. 2 
hay consumed was 8% more than no. 1, 6% more 
than no. 3 and 9% more than the Sample grade. 
Also, there was a marked difference between this 
lot of U. S. no. 2 hay and the 2 lower grades of 
hay for milk production, as indicated by the rate 
of decline in milk production following a change 
in hay grade. 


P14. “Ballast” and calculated net energy as re- 
lated to the unidentified factor(s) needed to bal- 
ance the total digestible nutrients in roughage. 
C. F. Hurrman, C. W. Duncan anp C. M. 
Cuance, Michigan Agr. Expt. Sta., East Lansing. 

Ever since the work of Kellner, it has been uni- 
versally recognized that 1 lb. of T.D.N. in rough- 
ages, other than young pasture and hay grown in 
certain areas in the Rocky Mountain region, was 
inferior for productive purposes when compared 
to rations of roughages plus concentrates. As a 
result of many experiments, we have attributed 
the increased efficiency of milk production to un- 
identified lactation factor(s) which are supplied 
when part of the T.D.N. in hay are replaced 
by an equivalent amount of T.D.N. in grain. This 
work has been criticized from 2 standpoints: (a) 
Increased milk production, resulting from grain 
supplementation, was not due to a deficiency of 
an all-hay ration, but to an increase in calcu- 
lated net energy; and (b) the increased milk pro- 
duction was probably due to a decline in the crude 
fiber intake. 
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This study reports the results obtained when 
part of the hay was replaced by grain and 1 of 
the following sources of “ballast” (undigested 
organic matter): wheat straw, oak wood meal or 
peanut hulls. The results show conclusively that 
a significant increase in milk production was ob- 
tained when the intake of crude fiber and “bal- 
last” was increased and the calculated net energy 
(Moore) decreased in 21 or 24 trials. 


P15. The effect of physical state on the utiliza- 
tion of dehydrated alfalfa. T. H. Biosser, F. R. 
Muropock, R. E. Ers anp A. O. SHaw, State Col- 
lege of Washington, Pullman. 

Recently, information was presented which in- 
dicated that replacement of 15, 30 and 45% of 
the calculated grain required with a finely ground 
dehydrated cereal grass-legume mixture reduced 
production of 4% fat-corrected-milk. Subse- 
quent to this, trials were initiated to determine the 
effect of the physical state of dehydrated alfalfa 
used as a grain replacement on its nutritive value 
and on the performance of cows. Alfalfa used 
in this trial was cut from the same field and de- 
hydrated on the same day. It then was pre- 
pared in chopped, finely-ground and pelleted 
forms. 

Digestion trials run with 3 wether sheep showed 
that the chopped, finely-ground and _ pelleted 
alfalfas contained 59.5, 59.5 and 59.0% T.D.N., 
respectively, on a dry matter basis. 

Twenty high-producing cows were divided into 
3 groups, and during an experimental period of 
21 wk. each cow was on each form of dehydrated 
alfalfa at a 30%-grain replacement level. Cows 
on pelleted alfalfa averaged 35.4 lb. of 4% 
F.C.M. daily, as compared to 34.2 and 33.7 lb. 
daily for the cows on chopped and finely-ground 
dehydrated alfalfa, respectively. The difference 
in performance of cows on finely ground and 
pelleted alfalfa was significant (P<0.05). There 
was no significant differences in average weight 
gain of cows on the 3 materials. 


P16. Comparative digestion studies on orchard 
grass! E. A. Kang, R. E. Ery, W. C. Jacopson 
AND L. A. Moore, Bureau of Dairy Industry, 
U.S.D.A. 


The search for improved methods of conducting 
digestion trials with dairy cattle has been con- 
tinued. Recently a series of digestion studies was 
made at Beltsville, Md., on orchard grass that 
had been harvested at 4 different stages of matu- 
rity. The digestibility data obtained by means of 
the ratio technique (using chromium oxide, lignin, 
plant pigments, methoxy and methoxy in lignin) 
and by means of the standard total collection pro- 
cedure have been tabulated and direct compari- 
sons made. Results indicate that the lignin in 


orchard grass is not as reliable as an indicator of 
digestibility as the lignin in alfalfa. This seems to 
be due to the apparent digestion of some of the 
lignin in the orchard grass or to some inherent 
error in the determination of lignin in orchard 
grass. The methoxy content of the ration in these 
experiments was digested approximately 50%, 
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thus making it a poor chemical substance for 
digestion work. Of the inert digestion substances 
studied, only the chromium oxide and plant 
pigments gave values for digestibility of the vari- 
ous nutrients that agreed with the values obtained 
by the total collection procedure. 


1 This work was done with funds provided by the 
Agricultural Research and Marketing Act of 1946. 


P17. Metabolism of lignin in orchard grass hay 
cut at various stages of maturity. R. E. 
W. C. Jacopson Anp E. A. Kane, Bureau of Dairy 
Industry, U.S.D.A. 


Digestion trials with milking dairy cows fed 
orchard grass hay cut at several stages of ma- 
turity indicate that the lignin is partially digested. 
Individual animals digested as much as 14% of 
the lignin fed. Lignin prepared from the orchard 
grass hay had a higher methoxyl content than 
the lignin isolated from the corresponding feces, 
indicating a degradation of the lignin molecule 
in the digestive tract. Only about 70% of the 
methoxyl content of the lignin in the ration is 
recovered in the fecal lignin. The animals also 
had a higher urinary excretion of benzoic acid 
per unit of lignin consumed when fed the less 
mature orchard grass, indicating that a portion 
of the lignin in orchard grass is digested by the 
dairy cow. However, there may be unknown in- 
herent errors in the lignin analysis of immature 
forage. 

Comparisons will be made with the metabolism 
of lignin in alfalfa hay. 

1 This work was done with funds provided by the 
Agricultural Research and Marketing Act of 1946. 


P18. Rumen digestion of some crude fiber con- 
stituents. J. T. Mires, Univ. of Wisconsin, 
Madison. 


Apparent digestion of dry matter, cellulose, 
pentosans and lignin in alfalfa hay was studied 
by suspending 20-g. samples in small silk bags 
in the rumen of cows through permanent rumen 
fistulae. In one trial, 10 pairs of bags were di- 
gested for 9 different time periods in each of 3 
cows. One member of each pair was suspended 
in the mat of moist roughage in the dorsal part 
of the rumen and the other in the more liquid in- 
gesta in the ventral part of the rumen. Apparent 
digestion of dry matter, cellulose and pentosans 
was more complete in the ventral portion of the 
rumen at the end of all time periods, with aver- 
age differences of 10.49, 13.56 and 8.15, respec- 
tively. Lignin was only slightly digested in both 
areas. Apparent digestion increased rapidly in the 
periods through 36 hr. slowly from 36-72 hr., and 
there was no noticeable increase after 72 hr. 

In another trial, the digestion of samples of 
the same alfalfa hay was compared with that of 
beet pulp and corn cobs. All samples were 
placed in the ventral part of the rumen. The 
dry matter, cellulose and pentosans of beet pulp 
were digested the most rapidly, those of alfalfa 
hay next, and those of corn cobs at a much slower 
rate. 


|__| 
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P19. The relation of roughage intake to the fat 
content of the milk and the level of fatty acids in 
the rumen. W. Tyznix anv N. N. Aten, Univ. 
of Wisconsin, Madison. 


The roughage intake of 8 milking cows was re- 
duced to about 3 Ib. of hay daily with as much 
concentrate as the cows would eat. After about 
2 wk., the test was depressed by 1-2% of fat, the 
low test persisting as long as the cows were con- 
tinued on the low-roughage, high-concentrate 
diet. Samples of rumen contents were taken 
weekly by stomach tube. Acetic, propionic and 
butyric acids were measured quantitatively by 
partition chromatography. 

The ratio of rumen fatty acids for cows on 
normal roughage intake was relatively constant, 
with about 65% acetic, 20% propionic and 15% 
butyric. In every instance, the depression of 
milk fat resulting from the low roughage diet 
was accompanied by a change in the rumen fatty 
acid ratio. Proportionally, propionic increased, 
acetic decreased and butyric remained constant. 

Four of the low-roughage cows were fed Na 
acetate, starting at 0.25 lb. daily for the first 
week, with 0.25-lb. increases each succeeding 
week to 1 lb. The milk fat increased within 24 
hr. after the first feeding of acetate, and 
reached an approximately normal level when the 
cows were eating 1 Ib. of acetate daily. When 
acetate feeding was discontinued, the fat test 
of the milk immediately returned to the sub- 
normal, low-roughage level. These 4 cows then 
were fed 1 lb. of acetate daily for 1 mo., with 
a sustained increase in milk fat. When the 
acetate then was omitted from the diet, 2 of the 
cows immediately returned to the subnormal 
milk fat level characteristic for low roughage. 
The other 2 failed to return to the low test, even 
though continued on the low roughage. 

Formic acid was found in the rumen samples 
taken within 1 hr. after acetate feeding, but it 
persisted for only a short time. Formic acid also 
was found in the rumen when cows were turned 
out to pasture in the spring. 


P20. The effects of added corn meal and dried 
whey and of moisture level on the preservation 
and quality of alfalfa silage stored in miniature 
silos. T. G. Martin, A. R. Porter anv G. E. 
Sropparp, Iowa State College, Ames. 


Twelve miniature silos, concrete cylinders 2 
ft. in diameter and 6 ft. high, have been 
used to evaluate various methods of alfalfa 
silage preservation. Data for 2 yr. indicate that 
such silos can be used satisfactorily to study 
grass silage preservation. 

Corn meal and dried whey at the rate of 200 
and 30 lb., respectively, per ton of green alfalfa 
were compared with a control which had no 
added preservative. The trials for both years 
were conducted using a replicated 2 by 3 fac- 
torial design involving two moisture levels 
(wilted and non-wilted) and the 3 treatments. 

Corn meal was superior to whey and to the 
control in limiting spoilage. There was less 


spoilage in the 65%-moisture silage than in the 
50%-moisture silage. The carotene level of the 
wilted silage was lower than that of the non- 
wilted silage at the time of ensiling, but was 
higher when taken from the silos. The data 
indicate that, in the unspoiled silage, there were 
no differences in the preservation of protein, ash, 
ether extract, crude fiber or nitrogen-free ex- 
tract. No treatment or moisture level differ- 
ences were observed in titratable acidity, resid- 
ual acidity or volatile bases; however, the high 
moisture silage had a greater concentration of 
acetic and butyric acids. pH values ranged 
from 4.77-5.14. 


P21. A comparison of half-dry and slightly- 

wilted alfalfa stored in gas-tight steel silos. C. 

H. Gorpon, J. B. SHepHerp, H. G. Wis—EMAN 

G. Meutn, Bureau of Dairy Industry, 
S.D.A. 


First- and second-cutting alfalfa at Beltsville, 
Md., was stored in two (14x40) gas-tight steel 
silos as slightly-wilted and half-dry silage. Filling 
was finished July 9, 1950, without tramping or 
distributing. Feeding began December 5, 1950, 
and the silos were nearly empty on March 12, 
1951. 

The wilted silage as stored contained 36.05% 
dry matter and 155.32 y/g. D. M. carotene, 
and as fed to February 27, contained 35.37% 
dry matter, 83.04 y/g. D. M. carotene with a 
pH of 4.29. Half-dry silage as stored contained 
54.02% dry matter and 96.83 y/g. D. M. caro- 
tene, and as fed to February 27, contained 
54.80% dry matter, 39.39 y/g. D. M. carotene 
with a pH of 4.73. Both silages were excellent 
in appearance and aroma, with no mold or top 
spoilage. 

Both silages were fed to the limits of appe- 
tite as the sole roughage to 14 milking cows in 
an 80-d. single-reversal feeding trial. Supple- 
mental grain was fed on a 1: 4 grain-milk ratio. 
Consumption of alfalfa dry matter per 100 Ib. 
liveweight was 2.34 lb. of wilted silage and 
2.52 Ib. of half-dry silage. The half-dry silage 
appeared to have slightly greater feeding value 
on the basis of milk production, 30-d. decline in 
milk production and maintenance of body weight. 

The storage of both half-dry and wilted silage 
in these silos appears practical when preserva- 
tion and feeding value are considered. Com- 
plete data for preservation of carotene, nutrients 
and dry matter will be presented. 


P22. Sulfur dioxide silages. S. R. 
Pennsylvania State Coll., State College. 

During the summer of 1950, 50-gal. steel 
barrels of silage were made from: Timothy and 
red clover; smooth brome grass; second-cut 
orchard grass-Ladino clover; and _ second-cut 
alfalfa and corn. 

The treatments used were no _ preservative, 
200 Ib. corn-and-cob meal/ton and SO, at 3, 5 
and 7 lb./ton. 

Samples taken at 0, 1, 3, 7, 14, 30, 60 and 120 
d. were analyzed for dry matter, moisture, pH, 
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titratable acidity, volatile acids, free sulfurous 
acid, total sulfur, carotene, ammonia, amino 
acid nitrogen, lactic acid and reducing sugars. 
At 0, 14 and 120 d., protein, crude fiber, nitro- 
gen-free extract, ether extract and ash were 
determined. 

Based on appearance, odor and chemical 
analysis, SO, invariably produced superior si- 
lages from hay-crop materials. SO, prevented or 
delayed normal fermentation, rapidly lowered 
the pH and preserved more carotene. 

Timothy and clover silages, prepared with 
200 lb. corn-and-cob meal and 5 Ib. SO,/ton 
were compared in a feeding trial. The 2 silages 
appeared equal in feeding value. Silage fed at 
60 lb./day had no harmful effect on health of 
cows. 

1 This work was supported in part by the Vir- 
ginia Smelting Co., West Norfolk, Va., Ansul 
Chemical Co., Marinette, Wis., and the Tennessee 
Corp., College Park, Ga. 


P23. Influence of temperature and atmosphere 
on silage preservation. A. O. SHaw, N. S. 
Gotpinc AND U. S. AsHwortH, State Coll. of 
Washington, Pullman. 


A mixture of grasses and alfalfa was cut 
(6-5-50) with a field chopper, taken to the 
laboratory and packed by pressure (25 Ib./in.?) 
into no. 10-5” cans. The moisture of the grass- 
legume mixture as packed was 66.8%. A side 
arm was soldered to the lid and fitted to a valve. 
The valves would open if the pressure in the 
can exceeded about 88 mm. above atmospheric 
pressure. Lot I was packed and sealed and 
air admitted to atmospheric pressure; the valves 
then were attached. Lot II was packed, sealed 
and the air reduced to 350 mm. absolute and 
CO, introduced to bring back to atmospheric 
pressure. The valves were immediately closed. 
Lot III was packed, sealed, the pressure reduced 
to 48 mm. absolute, filled back to atmospheric 
pressure with CO,, the pressure again reduced 
to 51 mm. absolute and filled back to atmos- 
pheric pressure with CO,. The valves were 
closed immediately. Two cans from each of the 
3 lots were incubated at each of the following 
average temperatures: 45.3, 55.8, 75.4, 83.1, 
91.8, 101.1, 110.9 and 121.4° F. until Aug. 3, 
1950. One-half of the cans then were opened 
and scored organoleptically and analyzed for pH, 
titratable acidity, amino nitrogen and vola- 
tile acids. The others were taken from the in- 
cubators and stored at 50° F. until scored and 
analyzed on 2-7-51. 

Data on flavor, aroma and chemical analysis 
will be presented. Temperature at which grass 
silage is held during preservation seems to be 
a much more important factor than kind of at- 
mosphere surrounding the silage. 


P24. A procedure for measuring the digestibility 
of pasture grass under grazing conditions. J. T. 
Rem, P. G. Wootro.kx, W. A. Harpison, C. M. 
Martin, A. L. BRUNDAGE AND R. W. KAUFMANN, 
Cornell Univ. 
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The method employing plant chromogen ab- 
sorbing. light at 406 mu for measuring digestibility 
of roughages has been extended to apply to pas- 
ture experimentation under grazing conditions. 
The chromogen content of the grass consumed, 
and conversely that of the feces voided, is related 
to the degree of digestibility as well as to the 
stage of growth, leaf-stem ratio and other fac- 
tors influencing digestibility. The relationship be- 
tween the chromogen content of feces (dry basis) 
and that of consumed forage (dry basis) is ex- 
pressed by the equation: Y = (0.0925X + 137.3383 
log X) — 242.1181, where: Y=chromogen con- 
tent per unit of dry matter of consumed forage, 
and X=chromogen content per unit of fecal dry 
matter. This equation precludes manual sam- 
pling of forage, as the sampling is done automati- 
cally by the grazing animal and is reflected by 
the feces. Substitution of the estimated chro- 
mogen content of the consumed grass and the 
quantity of chromogen in the feces (determined 
by actual analysis) into the following equation 
allows the digestibility of the forage dry matter to 
be determined: 

% digestibility = 
100 chromogen content of grass (dry basis) ) 
chromogen content of feces (dry basis) 
x 100 

The validity of this procedure for measuring 
grass digestibility under grazing condition was 
established in conventional digestion trials. 


P25. Use of the chromogen(s) technique in the 
determination of seasonal changes in digestibility 
of dry matter and protein of pasture herbage. 
M. McCuttoucn, R. F. anp G. M. 
Bastin, Univ. of Kentucky, Lexington. 


The chromogen(s) technique of Reid et al. (J. 
Dairy Sci., 33: 60. 1950) was used in determin- 
ing the seasonal changes in digestibility of dry 
matter and protein of pasture herbage from ex- 
perimental plots treated with 0, 3, 6 and 9 tons/ 
acre of barnyard manure. 

During the season (May 18 to Oct. 23), the 
average digestibility of protein by the animals 
for all plots was 70.2%. It averaged 83% in 
early May, decreased to an average of 59% by 
July 1, while through July and August it was 
irregular (59-81%); beginning early in Septem- 
ber, it increased sharply to 88%. During Oc- 
tober, an equally sharp decline in the average di- 
gestibility of protein was found, and by the end 
of the season it had declined to an average of 
74%. 

For the season, the animals on all plots aver- 
aged 75% digestibility for dry matter with a 
range of 52-94%. The seasonal variations were 
essentially the same as those found for protein 
digestibility; however, the observations showed 
less irregularity and the wide average differences 
were not present. The rise in average digestibility 
of dry matter observed in September was not as 
rapid as for the protein, and the trend continued 
for the remainder of the season while a sharp de- 
cline was found for protein after mid-September. 
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A comparison of the experimental plots re- 
sulted in measurable differences in the digesti- 
bility of the protein and dry matter of the pas- 
ture forage during the season, but no statistically 
significant effect was indicated due to the manure 
treatment. 


P26. Reproductive efficiency in a Holstein herd 
1897-1950. H. P. Davis, Univ. of Nebraska, 
Lincoln. 

A study was made of the purebred Holstein 
herd of the University of Nebraska using herd 
records that were available. During the period, 
the herd was subject to good health, good feeding, 
and good management practices. Contagious 
abortion was prevalent from the early years until 
about 1934 and ranged from a high of 15.20% 
during one 10-yr. period to a low of 1.44 during 
another, with an average of 7.78%. 

The production of the herd increased from an 
average of 9,154 Ib. with 312 Ib. of fat in 1904 to 
an average of more than 13,000 Ib. of milk and 
500 Ib. of fat during the last decade, both on a 
twice-a-day 305-d. mature equivalent basis. 

Using only the first 10 services to bulls of all 
ages, the services required for conception varied 
with the calvings as follows: Ist calf-—2.94; 2nd 
—2.57; 3rd—2.23; 4th—2.00; 5th—2.25; 6th— 
2.09; 7th—2.32; 8th—2.83; or an average for all 
calvings of 2.51 services per conception. Stated 
in another way, the percentage of cows that con- 
ceived with the first 2 services was as follows: 
Ist calf—53.52; 2nd—62.85; 3rd—69.18; 4th— 
78.09; 5th—71.01; 6th—70.37; 7th—67.53; 8th 
—55.55; and for all calvings 63.80%. Since 5 
services are considered by many as the greatest 
number that can be tolerated in practice, the per- 
centage of conception for the first 5 services was 
as follows: Ist calf—86.56; 2nd—90.46; 3rd— 
94.56; 4th—-96.18; 5th—89.92; 6th—96.30; 7th 
—96.93; 8th—88.87; and for all calvings 90.76%. 

The Holstein females calved on the average at 
29.45 mo. for the Ist time. Following that, the 
intervals between calvings varied as follows: 1st- 
2nd calving—452.21 d.; 2nd-3rd calving—456.99 
d.; 3rd—-4th calving—444.10 d.; 4th-5th calving 
—451.63 d.; 5th-6th calving—432.60 days; 6th- 
7th calving—459.27 d.; 7th-8th calving—534.06 
d.; 8th-9th calving——375.12 d.; 9th-10th calving 
—408.67 d.; an over-all average for 629 cows of 
453.21 d. or 14.86 mo. Using that calving inter- 
val, then 80.75% of the cows in the herd will 
calve each year, and using the sex ratio that pre- 
vailed during the period, 45.63% females, then 
— year 100 cows would produce 36.85 female 
calves. 


P27. Blood changes in the nymphomaniac cow. 
O. Wayman §S. A. AspE.t, Cornell Univ., 
Ithaca, N. Y. 


Blood analyses were made concurrently on a 
group of cows including spayed, normal, normal 
with stilbesterol implants and nymphomaniac ani- 
mals. There were no significant differences in 
hemoglobin, Ca or inorganic P. The nympho- 
maniac cows showed a highly significant increase 


in plasma protein as determined by the method of 
Lowry and Hunter (J. Biol. Chem., 159: 465. 
1945.). Ciasses included 3 animals each. The 
study was continued to include serum protein 
fractionation using the colorimeteric method of 
Wolfson et al. (unpublished) with 6 nympho- 
maniac and 6 normal cows. The nymphomaniac 
cows consistently had higher total serum protein 
concentration. The average difference of 1.62 
g. % between groups was highly significant. 
There were no significant changes in albumins or 
alpha globulins. The nymphomaniac cows had 
significantly (P < 0.05) higher B globulin and a 
highly significant (P«0.01) increase in y 
globulin. The increase in serum protein also was 
shown by a cow made chronically nymphomaniac 
with stilbesterol implants. 


P28. A comparison of the effectiveness of estro- 
gens in inducing estrus in dairy cattle.’ R. P. 
Reece, New Jersey Agr. Expt. Sta., Sussez. 

A 4-yr.-old Jersey cow (391X) and an 18-mo.- 
old Brown Swiss heifer (646) were ovariecto- 
mized, and 14 d. later they were used in a study 
to determine the amounts of various estrogens 
required to induce estrus. The animals were 
observed for estrus in both a.m, and p.m. As was 
to be expected, estrogens administered subcutan- 
eously were more effective (6-60 times) than 
those administered orally. Hexestrol, the most 
effective estrogen, when given orally in a capsule 
as crystals, required 100 mg. for the induction of 
estrus, whereas 15 mg. injected subcutaneously in 
an oily solution induced estrus. Orally, diethyl- 
stilbestrol and hexestrol were more effective than 
their dimethyl ethers. Some evidence was ob- 
tained that indicated that the dimethyl ether of 
diethylstilbestrol was more effective orally when 
given in an oily solution, either as a drench or in 
the grain ration, than when administered in 
crystalline form, either in a capsule or in the 
grain ration. Dienestrol was the least effective 
of 5 estrogens when given as crystals in a capsule. 
When 800 mg. of hexestrol were given orally to 
391X, a 48-hr. estrous period was induced. The 
subcutaneous injection of 0.17 mg. of estradiol 
— for 3 consecutive d. induced estrus in 


1 Journal Series Paper of the N. J. Agr. Expt. 
Sta., Rutgers Univ. Aided by a grant from White 
Laboratories, Inc., Newark, N. J. 


P29. Spectrophotometric analysis of neutral 
steroids of cattle urine. J. P. Mrxner, New Jer- 
sey Agr. Expt. Sta.; Sussex.1 

In preparing urine extracts for these analyses, 
hydrolysis was carried out at 100° C. with HCl. 
The hydrolysate was extracted with ether, and 
the ether extract washed with solutions of 
NaHCO,, NaOH and H,O. Ketonic, non- 
ketonic separation of the extracts was made with 
Girard’s T reagent. Urines from both pregnant 
and non-pregnant cows were used. Three color 
reactions for steroids (Kober, Pincus antimony 
trichloride and Zimmerman) were employed. 
With the Kober reaction, dehydroisoandrosterone 
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gives an absorption maxima at 600 my. With all 
urine extracts absorption maxima were secured 
at 370, 470 and 550 mu. Androsterone gives an 
absorption maxima at 610 mu with the antimony 
trichloride reaction, while urine extracts gave 
major absorption maxima at 300 and 550 mn. 
An absorption maxima is found at 510 mp with 
both androsterone and dehydroisoandrosterone 
utilizing the Zimmerman reaction, while urine 
extracts give an absorption maxima at 330 mu or 
lower. No differences were found between preg- 
nant and non-pregnant urine extracts in these 
studies. The ketonic, non-ketonic separation 
was not especially efficient, although somewhat 
more than half of the recovered potency was in 
the non-ketonic fraction. 

1 Supported in part by Research and Marketing 
funds (Sec. 10b). This research is conducted as 
part of Regional Project NE 1, “Studies on causes 
and prevention of reproduction failure in cattle.” 


P30. Progesterone and the corpus luteum in 
maintenance of pregnancy in dairy heifers.’ J. I. 
AND C. W. Turner, Missouri Agr. Expt. 
Sta., Columbia. 

The source of progesterone and its quantitative 
significance throughout the gestation have been 
the object of these preliminary investigations. In 
a group of 6 Holstein heifers the removal of the 
corpus luteum, by manual expression through a 
flank incision, at various stages in pregnancy was 
followed, in certain instances, by daily subcutan- 
eous injections of 25, 50 and 75 mg. of proges- 
terone in olive oil. In the early stages of preg- 
nancy replacement therapy at the 25-mg. level 
was of little avail, whereas considerable success 
attended the use of the greater quantities of pro- 
gesterone. When the operation was performed 
in the second half of the gestation period, no pro- 
gesterone being administered, the consequence 
seemed to be dependent upon the time interval 
from parturition. 

1 Contribution from the Department of Dairy 
— Missouri Agr. Expt. Sta., Journal Series 
1250. 


P31. The effect of progesterone on ovulation 
time in dairy heifers. W. HAaNset anp G. W. 
TrrmBerceErR, Cornell Univ., Ithaca, N. Y. 


The time of ovulation was determined by 
rectal palpation or laparotomy for 10 dairy heifers 
during an estrous period in which no treatment 
was given and an estrous period in which small 
doses of progesterone in corn oil were admin- 
istered subcutaneously at the beginning of estrus. 
The amounts of progesterone injected ranged 
from 5 to 10 mg. and from 0.0145 to 0.0330 
mg./K. body wt. Examinations were made at 
2-hr. intervals to determine the duration of 
estrus and the time of ovulation. Although the 
responses to progesterone treatment were some- 
what variable, the average time elapsing between 
the end of estrus and ovulation was only half as 
great in the progesterone-treated periods as in the 
control periods. The best response was shown by 
a heifer that ovulated 2 hr. before the end of 


estrus, and the poorest response by a heifer that 
ovulated 11.5 hr. after the end of estrus. 


P32. The effect of administering an unfrac- 
tionated gonadotrophic pituitary extract during 
estrus on the time of ovulation and length of the 
estral period of dairy heifers. G.B. Marion AND 
V. R. Smrru, Univ. of Wisconsin. 

The effect of an unfractionated gonadotrophic 
pituitary extract, administered during estrus, on 
the time of ovulation and length of estrual period 
of 14 dairy heifers was determined. The study 
was conducted in 2 parts. During part I, 5 
heifers were observed through 4 normal estrous 
cycles, and 4 more heifers were observed through 
2 cycles. The estrous cycles were alternately 
designated as control and experimental periods. 
As early as possible after a heifer came into heat 
during an experimental period, she was treated 
intramuscularly with 20 rat units of an unfrac- 
tionated gonadotrophic pituitary extract. Both 
the end of estrus and time of ovulation were 
determined by observations at 2-hr. intervals. 
Ovulation was determined by rectal palpation 
and was dated from the time when the heifer 
was observed to go out of estrus. During part II, 
5 more heifers were observed through 4 normal 
estrous cycles and were handled exactly as the 
heifers in part I, except that the treatment con- 
sisted of 10 rat units of the unfractionated gonad- 
otrophic pituitary extract. 

The average time interval between the end of 
heat and time of ovulation was 10.67 hr. for con- 
trol periods and 1.36 hr. for the experimental 
periods for the 9 heifers treated with 20 rat units. 
They remained in heat an average of 18.60 hr. 
during control periods and 18.99 hr. during ex- 
perimental periods. 

The 5 heifers treated with 10 rat units ovulated, 
on the average, 12.28 hr. after the end of heat 
during control periods, as compared with 1.10 hr. 
after the end of estrus during experimental 
periods. They remained in heat an average of 
15.38 hr. during control periods and 13.78 hr. 
during experimental periods. 


P33. Stimulatory action of breeding on the re- 
lease of oxytocin as measured by intramammary 
pressure. R. L. Hays anv N. L. VANDemark, 
Univ. of IIll., Urbana. 


The speed of spermatozoan transport in the 
reproductive tract of the cow has been shown to 
be more rapid than can be accounted for by the 
movement of the spermatozoa themselves. This 
suggests that uterine activity is a factor in sperm- 
atozoan transport. The bovine uterus is stimu- 
lated by oxytocin during estrus and _ possibly 
during other parts of the estrous cycle. The 
effect of artificial insemination techniques on the 
release of oxytocin, as measured by increased 
intramammary pressure, was studied. Milk 
pressure was measured by connecting a teat 
cannula to a water manometer. The pressure 
was noted at intervals during massage of the 
cervix and cervical os per rectum and during 
insertion of an inseminating tube into the cervix. 
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In 74 trials on 17 cows, there was a positive 
response in 86% of the cases due to stimulation 
by massage of the cervix, insertion of the in- 
seminating tube or a combination of the two. 
The average increase in pressure was 8.3+5.7 
(standard deviation) ml. of water for an average 
increase of 47.4% over the pressure at the. start 
of the experiments. There were no apparent 
differences in response during the various stages 
of the estrous cycle. 


P34. Pregnancy interruption and_ breeding 
techniques in the artificial inseminaion of cows. 
N. L. VanDemark L, E. Botey, Univ. of 
Illinois, Urbana. 

It is not uncommon for cows to show estrus 
though already pregnant from earlier breedings. 
When pregnancy diagnoses are not made, such 
cows frequently are submitted for artificial in- 
semination service. The effect of different breed- 
ing techniques on pregnant cows has been con- 
troversial. To determine the effect of pregnancy 
of two breeding techniques, cows at varying 
stages of pregnancy from 64-152 days were 
divided so that one group was inseminated by 
the rectovaginal technique mid-way in the cervix. 
The other group was inseminated similarly except 
the inseminating tube was guided just through 
the cervix into the body of the uterus. All 7 
cows in the group that received mid-cervical 
semen depositions continued to maintain normal 
pregnancies and were found to have normal 
intact fetuses and fetal membranes when 
slaughtered 18-44 d. later. Of 8 cows in the 
group inseminated just into the uterus, one 
aborted 9 d. after the insemination. Seven of 
the cows in this group had fetal resorptions, as 
was evidenced by the purulent discharge prior to 
slaughter and the presence of disintergrated 
fetuses and fetal bones upon slaughtering 18-77 d. 
following the insemination. 


P35. A method for the intrauterine insemina- 
tion of cows. N. S. FecnHuemer, T. M. Lup- 
wicK AND F. Ety, Ohio State Univ., Columbus. 


For cows whose cervixes cannot be penetrated 
with an inseminating tube due to overlapping or 
otherwise abnormal position of the cervical folds, 
a technique for intrauterine insemination has been 
developed. The technique consists of manually 
directing an open needle, with tube attached, into 
the rectum to a point over the uterus about 2-5 in. 
forward of the anterior end of the cervix. The 
needle is pushed through the rectal wall into the 
peritoneal cavity and thence, in turn into both 
horns of the uterus where the semen is deposited 
by means of a syringe on the end of the tubing 
which protudes from the anus. 

Two out of three cows bred by this method 
conceived to first service. Total leucocyte 
counts were done both before and 48-72 hr. after 
the technique was practiced 16 times on 9 cows 
to determine if an acute infection was being 
established. There was no significant increase 
in the leucocyte count due to the treatment. 

An autopsy was performed on 3 cows 4 mo. 


after the technique had been practiced on them. 
No metritis or other chronic infection of the 
uterus or associated organs was evident. 


P36. The effect of incipient vitamin A deficiency 
on female reproduction in the rabbit. G. E. 
LaMMING AND G. W. Sauissury, Univ. of Illinois, 
Urbana. 

There is little evidence on the effects of an 
incipient vitamin A deficiency on female repro- 
duction, in which the body level of vitamin A is 
sufficient to prevent typical externally visible 
deficiency symptoms but low enough so that 
physiological impairment may occur. 

To determine the effects of such a deficiency on 
reproduction, the phases of ovulation, blasto- 
genesis, implantation, embryonic death and fetal 
death have been studied in female New Zealand 
White and Dutch belted rabbits. After suitable 
depletion, no externally visible vitamin A de- 
ficiency symptoms have been observed, although 
blood plasma and liver analyses at slaughter have 
shown very low levels of the vitamin. 

Incipient vitamin A deficiency in the rabbit 
reduced ovulation rate, produced ovum abnormal- 
ities, and, while no decrease in uterine progesta- 
tional proliferation was observed, it reduced the 
percentage of cleaved ova appearing as fetuses at 
the 16th day of pregnancy. Impaired embryonic 
nutrition significantly reduced fetus size. 


P37. A meristic mutation involving teat number 
in the cow. W. W. Yapp L. E. Sr. Cram, 
Univ. of Illinois, Urbana. 


The Brown Swiss cow, Jean’s Betty Queen 
70934, appeared entirely normal in udder but 
yielded no milk from the 2 front teats. The cow 
became a non-breeder and was slaughtered. Im- 
mediately after slaughter the excised udder was 
injected through the 2 rear teats with a lead dye, 
starch preparation. At the conclusion of a 10-d. 
period, during which time the udder remained 
at 33° F., the right side was carefully cut to 
expose the teat canals and the front and rear 
portion of the udder. There was complete in- 
filtration of the injected material through the 
entire gland. There was no evidence of a 
separation between front and rear quarters. The 
venous and arterial systems followed the same 
courses as in a normal 4-part gland. 

This udder was checked against the normal 
udder of another cow, Maiden Betwyl 129876, 
injected in a similar manner. The hereditary 
aspects of this condition were explored by mating 
this cow to her own son. A daughter was pro- 
duced that proved a non-breeder. She was in- 
jected with progesterone and diethylstilbestrol 
and was brought into milk. Her udder was 
normal. 


P38. Evaluation of changes in adrenal cortical 
secretion rate by measurement of changes in cir- 
culating eosinophils of dairy cattle. J. E. Jouns- 
ton, L. L. Rusorr anp G. D’ARENszourRc, 
Louisiana State Univ., Baton Rouge. 


The adrenal cortex has been shown to be re- 
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lated to the ability of animals to withstand stress. 
A method of measuring changes in adrenal cor- 
tical secretion rate would be a valuable tool in 
physiological investigations of dairy cattle. 
Therefore, the relationship between blood levels 
of circulating eosinophils and adrenal cortical 
secretion rate was studied. 

Several techniques for the differentiation and 
counting of eosinophils were tested. Discombe’s 
diluter containing 0.2% eosin-Y and 5% acetone 
was found to be very satisfactory. Cell counts 
were made using a | : 10 dilution of blood in a 
Fuchs-Rosenthal counting chamber. Counts on 
17 animals in various physiological states showed 
a range of 47—1,744 eosinophils/mm%. Injections 
of epinephrine to stimulate the secretion of 
adrenal corticoids resulted in a decrease in num- 
bers of circulating eosinophils within 4-6 hours, 
ranging from 27 to 46%. One lactating animal 
injected with cortisone showed a decrease in 
eosinophils from an initial count of 500 ‘to 
50/mm$ within 4 hr. 

These preliminary results indicate that this 
technique can be used to measure changes in 
adrenal cortical secretion rate of dairy cattle. 
Details of methods and further experimental 
data will be presented. 


P39. Further studies on the use of cortisone in 
the treatment of ketosis in dairy cattle. J. C. 
SHaw Anp B. C. Harziotos, University of Mary- 
land, College Park. 


Thirteen cows with ketosis received 1500 mg. 
of cortisone intra-muscularly and exhibited an 
increase in blood glucose from an average of 
22.46 mg. % before treatment to 53.17 mg. % 
24 hr. after treatment. The high level of blood 
glucose was maintained for 2 or more days. All 
but two, which also exhibited metritis, recovered 
without further treatment. The blood acetone 
bodies returned to normal more slowly over a 
period of several days. Five of the above cases 
were very resistant to glucose injections, three 
having received 14 bottles of glucose each with 
only slight improvement prior to the use of 
cortisone. The blood glucose returns to normal 
very rapidly and frequently rises above normal 
by the end of 24hr. In the only short-time trials 
made, the blood glucose of 2 of the above cows 
increased from 20.3 and 17.6 to 46.4 and 43.2 
mg. %, respectively, within 4 hr. after the injec- 
tion of cortisone and another exhibited an increase 
of from 23.2 to 37.3 mg. % within 30 min. 
Thereafter, the blood glucose increased gradually 
over a period of 24 hr. or more. The combina- 
tion of cortisone and glucose shows great promise. 
The appetite of the cow usually improves 
markedly within 24 hr. or less. Other cases have 
been treated with somewhat smaller doses with 
fairly good results, except that the blood glucose 
response is less dramatic. Many cases have been 
found to be associated wtih metritis and have 
responded well to a combination of penicillin 
and cortisone. Such cases respond to cortisone 
alone but frequently exhibit relapses. 


P40. Hormonal development of mammary tissue 

in dairy heifers. J. F. Sykes anp T. R. WRENN, 

_ of Dairy Industry, U.S.D.A., Beltsville, 
d. 


Eight heifers were injected with stilbestrol or 
or stilbestrol plus progesterone. Four of these 
heifers also were treated with a crude anterior 
pituitary extract. Treatment was instituted at 6 
mo. of age and continued for 5 mo. 

Histological examination of the udders indi- 
cated that the stilbestrol treatment produced 
tissue that was definitely abnormal. The addi- 
tion of ptiuitary extract improved this situation 
to some extent and progesterone or progesterone 
plus pituitary extract in addition to stilbestrol 
produced tissue which was normal in many re- 
spects. 


P41. Trends in the incidence of mastitis infec- 
tions by different organisms. L. A. BurRKEy, 
Ceciuia R. Buckner, P. C. UNDERWoop AND W. 
W. Swett, Bureau of Dairy Industry, U.S.D.A. 

Studies during the past 6 yr. in the dairy herds 
maintained at Beltsville, Md., show that Strep- 
tococcus agalactiae infections have been largely 
eliminated and hemolytic staphylococci and S. 
uberis have been held at about the same level, 
whereas the incidence of coliform bacteria and 
pseudomonades have increased, particularly dur- 
ing the last 3 yr. 

Records show that the larger number of mastitis 
infections have occurred in the rear quarters of 
the udder, particularly those caused by coliform 
bacteria and pseudomonades. On the other 
hand, the various organisms differ in the extent 
that they may involve all quarters of the udder 
or become persistent in 1 or 2 quarters. Infec- 
tions by S. agalactiae and S. uberis have occurred 
fairly uniformly in all quarters of the udder. 
Coliform bacteria usually cause temporary infec- 
tions that occur predominately in the rear quar- 
ters. Infections by pseudomonades and hemo- 
lytic staphylococci tend to predominate and 
persist in only 1 or 2 quarters of the udder. The 
extent to which these trends of infection by 
specific organisms occur in response to some fac- 
tor in herd management, to the conditions of 
sanitation, or in response to treatment with anti- 
biotics is worthy of further investigation. 


P42. Recent developments in the use of vitamin 
D in the prevention of milk fever in dairy cows. 
J. W. anp W. D. Pounpen, Ohio Agr. 
Expt. Sta., Wooster. 

Earlier attempts to prevent milk fever by feed- 
ing vitamin D at the rate of 1-5 million units 
daily from 2-4 wk. prepartum did not result in 
lowered incidence. Neither was this procedure 
effective in maintaining a normal blood level of 
Ca and P following parturition. 

More recently, a new approach has been fol- 
lowed which has resulted in the elimination of the 
postpartum decline of blood Ca and P to sub- 
normal levels. Milk-fever incidence also has 


been markedly reduced. Larger amounts of vita- 
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min D (5, 10 and 30 million units) were fed 
daily in the form of 142F irradiated dry yeast or 
the oil concentrate “Viosterol.” The dosage was 
timed so that parturition occurred near the time 
that the peak in blood Ca was reached, prefer- 
ably 4 or 5 d. after the initiation of vitamin D 
feeding. To date, 23 mature Jersey cows, 15 of 
which had had previous milk fever histories, have 
been treated for 3-8 d. prepartum. Only 2 cases 
of milk fever have developed among the treated 


_ cows—l1 cow which had received only 5 million 


units per day and 1 cow fed at the 10 million-unit 
level. Six cows, all of which had had milk fever 
previously, have been treated with 30 million 
units per day; none of these developed milk 
fever symptoms. 


P43. Effect of environmental temperaure on 
hunger and thirst in cows. S. Bropy, A. C. 
RacspaLe, H. H. anp C. R. 
Missouri Agr. Expt. Sta.; H. J. THomMPpson AND 
D. M. Worstett, BPISAE, U.S.D.A. 


Hunger, or appetite, acts as if it were a body 
temperature-regulating mechanism. Decreasing 
environmental temperatures below 40° F. in- 
creases feed consumption, with the greatest rela- 
tive increase in the smallest and least productive 
cows. Increasing environmental temperature 
above 75° F. in European and 90° F. in Indian 
cows decreases feed consumption. The decrease 
is greatest in the largest and most productive 
cows. The decrease in feed consumption at 
higher temperatures apparently is the major 
cause for decreased milk production, heat produc- 
tion (contrary to the van’t Hoff rule) and pulse 
rate; increased endogenous catabolism is asso- 
ciated with increase in blood creatinine and de- 
crease in alkali reserve (starvation acidosis), in 
blood cholestrol and fatty acids. With one ex- 
ception, the water consumption in high-milking 
cows decreased and in low-milking or dry cows 
increased with increasing temperature. Indian 
cows lagged behind European cows in their 
critical temperatures, the amount of lag depend- 
ing on milk yield and age, but at environmental 
temperature 105° F., the body temperature of 
Indian cows virtually caught up with that of 
European cows, suggesting that the greater heat 
tolerance of Indian cows is associated more with 
their lower productivity and greater surface area 
per unit weight than with greater sweating per 
unit surface area. 

1 Contribution from the Department of Dairy 
ee Missouri Agr. Expt. Sta., Journal Series 
no. 1251. 


P44. The effect of clipping on the population of 
chewing lice (Bovicola bovis) on dairy heifers. 
N. N. ALLEN R. J. Dicks, Univ. of Wiscon- 
sin, Madison (Sunbeam Corp. support). 


It was previously reported that clipping heifers 
infested with the chewing louse (Bovicola bovis) 
resulted in their immediate elimination from the 
clipped area. The work has been continued to 
secure further information on clipping as a prac- 
tical means of control. During the winter of 


1949-50, a group of yearling heifers including 5 
breeds was used. Weekly population counts of 
lice were made by a standardized procedure 
which gave relative values reflecting the degree 
of infestation. The heifers were treated as fol- 
lows: 9 heifers unclipped (control), 11 heifers 
clipped in early December, 6 heifers clipped 
Jan. 7, 8 heifers clipped Feb. 23, 8 heifers, right 
side clipped in early December and 8 heifers, 
right side clipped Feb, 23. 

On the control group, population built up to a 
peak in February, then declined until they had 
practically disappeared by May. The others fol- 
lowed a similar pattern until clipped. In every 
case when an animal was clipped the population 
dropped to practically zero within 1-3 d. On the 
December-clipped group, population _ started 
building up again in early February, reaching a 
peak in late March, when the control group was 
declining rapidly. The counts remained high 
until late May, when the control group had be- 
come practically free of lice. 

The group clipped Jan. 7 was free of lice until 
late February, when the population started build- 
ing up. The build-up followed a trend similar 
to that of the earlier-clipped group, but the peak 
was much lower. 

The group clipped Feb. 23, when population 
was at its peak, was practically free of lice within 
3 d. and remained louse-free through May, when 
counts were discontinued. 

The population on the unclipped sides of the 
half-clipped heifers followed a trend very similar 
to that on the control group. The trend on the 
clipped sides was similar to that on the heifers 
clipped all over at a comparable time, except that 
the peak of the build-up was not as high. 

These groups all ran together with ample op- 
portunity for reinfestation. In the winter of 
1950-51, the heifers were divided into 2 groups, 
kept entirely apart from each other. One group 
was clipped during late November and the other 
was left unclipped in order to study the effect of 
a single clipping without opportunity for re- 
infestation from unclipped animals. The results 
of these experiments suggest that it might be 
possible to control the chewing louse by properly 
timed clipping. There has not been an oppor- 
tunity to study adequately the effect of clipping 
on any of the sucking lice, but 3 fairly heavily 
infested animals are under observation. 


P45. Inhibition of the proteolytic activity of 
in by green plant extracts. K. A. KENDALL, 
Univ. of Illinois, Urbana. 


The influence of green plant extracts from soy- 
beans, alfalfa and ladino clover on the proteolytic 
activity of trypsin upon a soluble casein substrate 
during a standard 5-hr. incubation period has 
been investigated. The results indicate that an 
extract from each of the 3 forages has an inhibit- 
ing effect upon trypsin activity. 

In the growing soybean plant the existence and 
concentration of the inhibitor appear to be re- 
lated to seed development. The concentration 
of the inhibitor was found to increase significantly 
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as the growth of the plant and the development of 
the soybean seed progressed. To a lesser degree, 
the inhibitor was found to exist in the vegetative 
portion of the plant. 

In extracts from alfalfa and ladino clover 
plants, the ability to inhibit trypsin activity was 
observed to be less than that of soybeans when 
studies were made of the forages in the prebloom 
stage of development. However, there was a 
greater amount of tryptic inhibition caused by 
the alfalfa extract than by that of ladino clover. 


P46. Effect of previous lactose feeding upon in- 
testinal absorption of lactose in the rat.t. JEssiz 
FiscHER AND T. S. Sutton, Ohio State Univ., 
Columbus. 

Rats in 2 comparable groups were fed con- 
ditioning diets of (I) a basal purified ration con- 
taining 67% cornstarch as the carbohydrate, and 
(II) the same ration but with 25% USP. lactose 
substituted for an equal amount of the corn- 
starch. The rats were fed for 6 wk., and then 
were fasted for 24 hr. with water withdrawn 
during the last part of the fasting period. The 
rats then were allowed to ingest 400 mg. of lactose 
in 25% aqueous solution. After exactly 1 hr., 
the rats were sacrificed, and the residual sugar 
in the stomach and small intestine was deter- 
mined and calculated as lactose. The amount of 
lactose “absorbed” was calculated by difference. 

The average results, in mg. of lactose/rat left 
in the stomach, left in the small intestine and 
“absorbed”, respectively, were: (I) cornstarch 
diet rats, 169, 124, 107; (II) lactose diet rats, 115, 
130, 155. Expressed as absorption coefficients 
(average mg. lactose “absorbed”/100 g. body 
wt./hr.) the results were: (1) starch diet rats, 
57; (II) lactose diet rats, 88. These absorption 
coefficients were statistically significantly different 
(P < 0.05) by the ¢ test. 

Conclusion: Previous lactose feeding increases 
the ability of the rat intestine to hydrolyze and 
absorb lactose. This finding may be important 
in explaining adaptation to lactose feeding. 

1 Research supported by a grant from the Amer- 
ican Dry Milk Institute, Inc. 


P47. Antibiotic studies with dairy calves. J. K. 
Loosu, R. H. WAssSERMAN AND L. S. Gatti, Cor- 
nell Univ., Ithaca, N. Y. 


Three experiments have been ‘completed to 
study the influence of an antibiotic feed supple- 
ment (Lederle) upon the growth rate of Holstein 
calves. The antibiotic supplement was added to 
milk replacements at the rate of 2% or was stirred 
into whole milk and fed to 8 wk. of age. For 39 
pairs of calves studied, the average daily gain in 
weight during the 56-d. period was 1.16 lb. for 
those fed the antibiotic supplement and 0.95 lb. 
for the control calves. The difference in rate of 
gain was statistically significant (odds > 99 : 1). 
There were no significant differences in the 
amounts of hay consumed, but the calves fed the 
antibiotic consumed approximately 40% more 
concentrate than the controls and they required 
less T.D.N. to make 1 Ib. of gain. Control calves 
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exhibited a greater incidence and severity of 
scours than those fed the antibiotic. Preliminary 
studies of the rumen microflora fail to reveal any 
striking difference in the total bacterial count or 
in the morphological types of bacteria present 
based on stained slide examinations. Bacterial 
cultural studies are in progress and the results 
will be available at the meeting. 


P48. The response to aureomycin supplementa- 
tion of young dairy calves fed various “practical” 
and restricted diets.1 W. R. Murtey, N. L. 
Jacosson, J. M. G. E. Sropparp, 
Iowa Agr. Expt. Sta., Ames. 

For a period from 4 to 60 d. of age, dairy calves 
were fed as follows: Group I—whole milk (3.5% 
fat), hay and concentrates; Group II—recon- 
stituted skimmilk, hay and_ concentrates; 
and Group III—reconstituted skimmilk. The 
amount of milk fed daily per 100 lb. body wt. 
was reduced gradually from 10 Ib. initially to 4 
Ib. during the terminal week for calves in groups 
I and II, but was held constant at 10 Ib. for calves 
in group III. The dry matter content of the 
reconstituted skimmilk was adjusted to yield a 
product calorically equivalent to the whole milk. 
The skimmilk-fed calves received supplemental 
vitamins A and D. To half the calves in each 
group crystalline aureomycin hydrochloride, 80 
mg. daily /calf, was fed in the milk via nipple 
pail. 

In each group the aureomycin-fed calves were 
superior in weight gains and in physical ap- 
pearance to the controls. Among the calves in 
group I scouring was infrequent, and since the 
calculated TDN intakes of these calves were 
similar, an increased efficiency of feed utilization 
(TDN intake /lb. weight gain) due to aureomycin 
feeding is indicated. Although more frequent 
scouring was observed among calves in groups II 
and III, the calculated efficiency of feed utiliza- 
tion of those animals fed aureomycin was similar 
to that of the antibiotic-supplemented calves in 
group I. 

The response of the calves in the various 
dietary regimes to aureomycin administration 
subsequent to the 8-wk. experimental period also 
will be discussed. 

1 Research supported in part through funds pro- 
vided by Western Condensing Co., Appleton, Wis. 
Aureomycin supplied by Lederle Labs. Div., Am. 
Cyanamid Co., Pearl River, N. Y. through the 
courtesy of T. H. Jukes. 


P49. Effect of aureomycin on growth of young 
calves weaned from milk at an early age. L. L. 
RusorF Anp A. V. Davis, Louisiana State Univ., 
Baton Rouge. 


An antibiotic (aureomycin) feeding supplement 
and crystalline aureomycin HCl' were supple- 
mented to a calf starter to determine what effect 
the antibiotic had on growth of calves up 
through 16 wk. of age. Twenty-four purebred 
Jersey and Holstein newborn calves were divided 
into three groups. Group I (control) received a 
19.4% digestible protein calf starter containing 
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no animal protein, group II—the calf starter 
supplemented with 2% aureomycin feeding sup- 
plement (2.5 g. aureomycin/Ib. of supplement) 
and group III—the calf starter supplemented 
daily with 75-150 mg. of crystalline aureomycin, 
fed by capsule. All calves were weaned from 
milk at 30 d. of age and were fed ad libitum the 
calf starter and medium quality clover hay be- 
ginning at 7 d. of age. The crystalline aureo- 
mycin feeding was begun at 14 d. of age. 

The results for the first 90 d. of this trial 
definitely indicate that aureomycin produces a 
growth stimulation in young calves. The Jersey 
calves receiving the aureomycin feeding supple- 
ment and those receiving the crystalline aureo- 
mycin showed a gain of approximately 25% over 
the Jersey control calves; the Holstein aureo- 
mycin groups showed a gain of approximately 
15% over the Holstein control group. The anti- 
biotic supplementation appeared to lower the 
incidence of scours. 

Results through 16 wk. of age will be available 
at the meeting. 

1 Antibiotics obtained through the courtesy of 
Lederle Labs., Pearl River, N. Y. 


P50. The effect of a terramycin supplement on 
the growth and well-being of dairy calves. J. L. 
Cason anpD H. H. VoeLKer, Univ. of Arkansas, 
Fayetteville. 


Twenty-eight Holstein and Jersey calves were 
used to test the effect of a terramycin supplement 
containing 5 g. of pure crystalline terramycin 
HCl/lb. Starting at random, calves were 
started on experiment at 3 d. of age, after re- 
ceiving colostrum milk, and fed terramycin for 
8 wk. Every 3rd calf of each breed served as a 
control. The rates of feeding terramycin orally 
by capsule were 15 and 30 mg. daily/100 Ib. 
body weight. Lespedeza hay and a grain mix- 
ture containing 7.5% of dried skimmilk powder 
were fed free choice. Whole milk was fed at the 
rate of | lb. daily for each 8 lb. of body weight 
for Jerseys; and 1 Ib. daily for each 12 lb. of 
body weight for Holsteins, to 6 wk. of age. The 
milk then was reduced 2 Ib. daily each succeeding 
week. Calves were weighed weekly and terra- 
mycin and milk feeding adjusted accordingly. 
Preliminary daily observations indicate that the 
feces of the calves fed terramycin were firmer. 
However, both groups had several cases of scours 
of about 2 or 3 d. duration. Feed consumption 
data and body weight gains (data not yet com- 
pleted) will be presented. 


P51. The effect of environmental temperature 
on the composition of milk.1_ J. W. Coste, H. 
A. HERMAN AND A. C. RacspA.e, Missouri Agr. 
Expt. Sta. 


Changes in the composition of milk resulting 
from cows being subjected to high and low en- 
vironmental temperatures were studied on 43 
animals in the Psychroenergetic Laboratory at the 
University of Missouri. 

Environmental temperatures ranging from 5 


to 105° F. were used during the studies. Some 
2,500 samples of milk from Jersey, Holstein, 
Brown Swiss and Brahman cows were collected 
and analyses were made for total solids, fat per- 
centage, solids-not-fat, lactose, chloride, total 
nitrogen, specific gravity and freezing point de- 
pression. 

Data from these studies indicate a rise in fat 
percentage, total solids and chlorides with in- 
creasing temperatures above 80-90° F., varying 
with breed. Solids-not-fat, lactose, total nitrogen 
and specific gravity values were depressed at the 
same temperature levels. Milk from Jersey and 
Holstein cows showed an increase in total solids, 
fat percentage and total nitrogen content at en- 
vironmental temperatures below 40° F. A slight 
decline in lactose content was found, especially 
in Jersey cows, at low temperatures. 

Changes in the composition of milk as obtained 
in this study indicate breed differences as well as 
individual differences are a factor in the ability 
of cows to withstand high and low environmental 
temperatures. 

1 Contribution from the Department of Dairy 
—— Missouri Agr. Expt. Sta., Journal Series 
no. 


P52. The influence of season on persistency of 
milk production. D. M. SeatH anp M. Mc- 
Cut.oucu, Univ. of Kentucky, Lexington. 

The average monthly milk production for Hol- 
stein and Jersey cows in the Kentucky Agr. Expt. 
Station herd for 1943 to 1950, inclusive, was used 
as a basis for determining seasonal persistency 
trends. Cows chosen for a given month were 
limited to those between 56 and 210 d. in their 
lactation. Milk production for the month was 
compared to that for the previous month and 
the result, expressed as a percentage, was used as 
a persistency factor. The cows were chosen for 
each month separately so that those used changed 
some from month to month. 

During winter months (November to April) 
both Holsteins and Jerseys averaged higher in 
their monthly persistency than in summer months 
(May to October). Probably the higher average 
production in the spring, as compared to other 
seasons, contributed to this greater decline, i.e., 
a lower persistency, for the summer months. 
Holsteins average slightly higher than Jerseys in 
persistency for both summer and winter, although 
the difference was not statistically significant. 

During the summer months, the highest per- 
sistency was found for May for both Jerseys and 
Holsteins, with August ranking second and Octo- 
ber lowest for each breed. The amount of rain- 
fall for the various months was not significantly 
correlated with the persistency average for those 
months. 

Persistency averages for winter months showed 
January highest for Holsteins and second for 
Jerseys. April, which is really a spring month 
rather than a winter month, ranked highest in 
Jerseys and second high in Holsteins. The fact 
that cows actually wese turned to pasture in April 
during some of the years tended to improve the 
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average for April. The first of the winter feeding 
periods, November and December, showed the 
lowest average persistency. These months fol- 
lowed October, which had the lowest persistency 
during the summer months. 

Results of this study indicate that the greatest 
need for improving feeding and management of 
this herd is for the months of October, November 
and December. Similar studies for other herds 
could be useful in determining weaknesses in feed- 
ing and management methods used. 


P53. The effects of mastitis on milk and butter- 
fat production. M. C. Hervey, Univ. of Minne- 
sota, St. Paul. 

Case histories of 3 sets of monozygotic twins in 
which 1 cow in each set had one or more attacks 
of mastitis have been summarized to determine 
the effect on the amount of milk and butterfat 
produced. 

In the first case, 1 twin had a brief attack of 
mastitis; her identical twin mate had 4 major 
attacks of mastitis during the Ist lactation and 
suffered repeated traumatization of the teats. 
In the first 305 d. of the lactation, the twin having 
only 1 attack of mastitis produced 6,293 lb. of 
milk and 260 Ib. of fat (2X, 305 d., 2 yr. 4 mo.); 
the twin having repeated mastitis produced 6,080 
Ib. of milk and 247 Ib. of fat (2X, 305d., 2 yr. 
5 mo.). 

In the second case, 1 twin of a monozygous 
set developed an acute case of mastitis 3 mo. 
after first calving. Complete loss of 1 quarter re- 
sulted. Swelling of this quarter was treated dur- 
ing the dry period, and a short period of mastitic 
infection was observed at the beginning of the 2nd 
lactation. In the first lactation, the twin un- 
affected by mastitis produced 10,232 lb. of milk 
and 348 Ib. of fat (2X, 305 d., 2 yr. 8 mo.); the 
twin having mastitis produced 8,678 lb. of milk 
and 314 Ib. of fat (2X, 305 d., 2 yr. 8 mo.). Data 
will be presented for the complete 2nd lactation 
as well. 

In the third case, identical twins produced 39 
and 40 lb. of butterfat respectively, in the 1st lac- 
tation. During the 2nd lactation, 1 cow had 
traumatization of the teat and mastitic infection 
and produced 880 Ib. of milk and 22 Ib. of fat 
(64 d., 2X, 2 yr. 9 mo.). Production of the un- 
affected twin for the 2nd lactation will be pre- 
sented. 


P54. Influence of frequency of milking upon 
milk secretion. W. E. PETersEN, T. W. GuLuick- 
SON AND L. S. Marx, Univ. of Minnesota, St. Paul. 

One set of monozygotic triplets has been used 
to secure data on the effects of differing frequen- 
cies of milking upon milk production. These 
cows freshened within a period of less than 8 wk. 
One cow is milked once a day, one, twice a day 
and the third, three times a day with equal inter- 
vals between milkings in each case. An analysis 
of the data on the effects on milk production, but- 
terfat percentage and total butterfat production 
and feed utilization will be-presented for the com- 
pleted lactations. 
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P55. The accuracy of mammary gland measure- 
ments on 3-, 4- and 5-month-old heifer calves. 
R. W. Toucuserry, Univ. of Illinois, Urbana 
AND K. A. Taster, Bureau of Dairy Industry, 
U.S.D.A. 


The widths of the mammary glands of 10 
heifer calves were measured at 3, 4 and 5 mo. of 
age. These measurements were made indepen- 
dently by 2 different men, with each man taking 
2 independent measurements of each gland at 
each age. An analysis of variance of these meas- 
urements showed a highly significant difference 
between calves and between the glands on the 
same calf at each age. In no case was the man 
difference significant. By equating the mean 
squares resulting from the analysis of variance to 
their expected values, the variance components 
for calves, men, between glands on the same calf 
and error were derived. The calf components 
were 73.2, 62.2 and 40.7% of the total variation 
for the 3-, 4- and 5-mo. ages, respectively; those 
for error were 18.0, 17.0 and 24.9%, while those 
between glands on the same calf were 7.6, 20.9 
and 31.3%, respectively. The intra-class correla- 
tions between glands on the same calf were 0.74, 
0.62 and 0.42 for the 3-, 4- and 5-mo. ages, re- 
spectively. Two independent measurements of 
each gland will accurately determine differences 
between calves, while differences between glands 
on the same calf can be accurately determined by 
4 independent measurements of each gland. 


P56. Some causes of variation in type ratings of 
Ayrshire cows. R. H. Benson, W. J. TYLER AND 
G. Hyatt, Jr., West Virginia Univ., Morgantown. 


Type ratings of 83 cows and 90 heifers in the 
Reymann Memorial Ayrshire herd at West Vir- 
ginia University were used in this study. Two 
official classifiers of the Ayrshire Breeders’ Asso- 
ciation have classified all Ayrshires over 4 mo. of 
age in this herd twice yearly since 1947. One 
designated “repeat,” returned for each classifica- 
tion, while the other was a different person each 
time. Each used the ten-division breakdown 
scorecard for Ayrshires. 

Repeatabilities of single final type ratings on 
cows were 0.56** and 0.48** for the “repeat” and 
official classifiers, respectively. Repeatabilities of 
the breakdown ratings varied from 0.30**-0.61** 
for the “repeat” and from 0.23**-0.48** for the 
official classifiers. The repeatabilities of the 
heifers’ final ratings were 0.28** and 0.20** for 
the “repeat” and official classifiers, respectively. 
Repeatabilities of the breakdown ratings varied 
from 0 to 0.30** for the “repeat” and from 0 to 
0.28** for the official classifiers. The differences 
between the two classifiers’ repeatabilities for 
each breakdown and final rating of cows and 
heifers were not significant. 

Correlation coefficients between final ratings 
given at each classification by the two classifiers 
varied from 0.61** to 0.76** on the cows, and 
from 0.54** to 0.81** on the heifers. The corre- 
lation coefficients of breakdown ratings range 
from 0.10 to 0.77** on the cows and from — 0.19 
to 0.81** on the heifers. 
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The method of maximum likelihood was used 
to estimate the effect of year of birth, season 
and year of classification, and stage of lactation 
when classified on type ratings. A significant dif- 
ference was found between the first 4 mo. and 
the 5th to 9th month of the lactation and between 
the first 4 mo. and the 10th month of lactation 
to next freshening. The differences due either 
to year of birth or to season and year of classi- 
fication were not significant.. 


** = Highly significant P < 0.01. 


P57. Prepartum II. Some effects on production 
of cows and growth of calves. R. A. ACKERMAN 
anD Georce Hyatt, Jr., West Virginia Univ., 
Morgantown. 

Seventy-three Ayrshires were prepartum-milked 
starting 14 d. before the date they were ex- 
pected to calve. Sixty-five of these were milked 
for 4 d. or more before calving. Production 
varied from 0.1-35.4 Ib./day on the day before 
the calf was dropped. 

The 38 prepartum-milked cows that have 
finished 43 wk. of production averaged 433 Ib. 
more milk than 56 controls that calved during 
the same period. Eleven milking 20 lb. or more 
on the day preceding parturition averaged 1,034 
lb. more milk than the controls. 

Daily observations of udder congestion and 
naval edema indicated that prepartum milking 
failed to lessen the amount of either, or to shorten 
the length of time required for the udder to be- 
come normal. 

Heifer calves from the prepartum-milked ani- 
mals made as rapid gains in weight and height 
at withers as calves from the control cows. This 
was true for the calves whose dams produced 20 
lb. or, more on the day before parturition. It had 
been shown previously that such animals produce 
chemically normal milk at the time the calf is 
born. 

Bull calves of three breeds have been removed 
from their dams as soon as dropped and fed 
regular herd milk without cod-liver oil or other 
vitamin supplements. These calves have made 
satisfactory gains and have been free from scours. 


P58. Toxicological effects of toxaphene on dairy 
cows. R. E. Leicuton, K. A. Kuiken anp H. A. 
Smiru, Texas Agr. Expt. Sta. 


The investigations were divided into 2 major 
phases: (a) feeding high levels of toxaphene to 
dairy animals to determine the toxic level of the 
insecticide; (b) feeding calves milk from cows 
fed toxaphene at maximum levels normally con- 
sumed with sprayed roughages; (c) the analyses of 
milk samples taken from groups of cows sprayed 
with toxaphene sprays in the concentrations re- 
quired for tick control. 

(a) Jersey cows consumed 5 g. a day of pure 
toxaphene for as long as 115 d. without showing 
any toxic symptoms. As a result of consuming 
7.5 g. of toxaphene a day, toxic symptoms con- 
sisting of extreme nervousness and loss of appe- 
tite developed, but no deaths occurred. The 


feeding of 10 g. or more of toxaphene a day 
caused death after 7-10 d. of feeding. Histo- 
logical studies revealed toxic degenerative changes 
in the liver, kidney and brain of cows killed with 
toxaphene. 

(b) The milk from Jersey cows fed 0.5 g. of 
pure toxaphene a day did not cause any toxic 
symptoms, either gross or histological, in young 
calves. The organic chloride content of the 
milk itself or of the omentum fat of the calves fed 
the milk was not abnormally high. 

(c) No increase in the organic chloride content 
of milk was observed when the Jersey cows were 
sprayed with 0.5% toxaphene in wettable powder 
every 2 wk. When the same percentage of toxa- 
phene was used in the water emulsion sprays, pre- 
pared from emulsifiable oil concentrate, there was 
a sharp rise (from 0.52 to 5.2 ppm.) in the organic 
chloride content of the milk within 24 hr. after 
spraying. 


P59. Open shed versus conventional housing for 
iry calves. R. E. Erp anv F. R. Murpock, 
State Coll. of Washington, Pullman. 

57 calves were housed in the open shed and 34 
were housed in the conventional barn in the Pull- 
man, Washington, area during 1948-50. Calves 
were from 3-7 d. of age when placed on experi- 
ment. Incidence of scouring was the same, but 
the cases among calves housed in the open shed 
were decidedly less severe, with only 17% of the 
cases requiring treatment, as compared to 86% 
for those housed conventionally. The death rate 
from all causes was 24% among conventionally- 
housed calves and 2% among open-shed calves. 
Conventionally-housed calves gained more rapidly 
during the first 2 wk. on experiment, but at 8 and 
16 wk. of age, there were no significant differences 
in gains in body weight, height at withers or 
heart girth. Lower average minimum tempera- 
tures were associated with slightly depressed gains 
in body weight and heart girth. Calves housed in 
the open shed consistently consumed significantly 
more T.D.N./100 Ib. of body wt. Holstein calves 
in the open shed consumed 22.7% more hay and 
11% more grain; Jerseys consumed 3.2% more 
hay and 12.4% more grain during the 16 wk. 
experimental period than the respective controls. 
The average efficiency of gain was slightly higher 
for calves housed conventionally. 


P60. Methods of milking and milk handling as 
factors affecting the quality and economy of milk 
produced. M. H. ALEXANDER AND E. E. Ormis- 
TON, Univ. of Illinois, Urbana. 


Four different systems of milking and handling 
milk at the farm were compared, including an 
open combine system, a completely closed com- 
bine system, a conventional system and a com- 
pletely closed cow-to-cooler system adapted to 
either the milking parlor or the stanchion line. 
The cow-to-cooler system involved delivery of the 
milk through a pipe line 204 ft. long which was 
cleaned without dismantling throughout the study. 

Bacteriological tests covered a period of 7 mo. 
and involved 475 milk samples. The results in- 
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dicate that milk of acceptable quality under 
conditions in effect in this study can be produced 
by any of the systems studied. The systems in- 
volving the more rapid cooling after milking pro- 
duced milk of the lowest bacterial count. 

Time and motion studies taken in this investi- 
gation further demonstrate that handling milk 
through a barn pipe line, cleaned in position, re- 
sults in substantial economy of labor, as compared 
to carrying the milk from the cows in the con- 
ventional manner. 


P61. The relationship between early growth and 
later butterfat production in dairy cows. B. N. 
Stncu M. P.ium, Dairy Department, Univ. 
of Neb., Lincoln. 

A study was made of the relationship between 
early growth in height at withers and chest girth 
and average lifetime butterfat production in 138 
animals of the Holstein, Guernsey and Jersey 
breeds. No significant correlations were found 
between butterfat production and growth below 
the age of 10 mo. However, chest girth gain from 
10-12 mo. and average lifetime butterfat produc- 
tion showed a significant intra-breed correlation 
of 0.31 with fiducial limits of 0.16 and 0.46. 

A study of the effect of gains in chest girth and 

height of withers from 10-12 mo. of age on aver- 
age lifetime butterfat production indicates that 
both gain in chest girth and gain in height of 
withers from 10—12 mo. of age have some effect 
on av. lifetime butterfat production. However, 
the correlations are below the 5% point of signifi- 
cance and the data do not permit the postulation 
of any formula which will predict the future pro- 
ducing ability of a calf on the basis of gains in 
chest girth and height of withers at 10-12 mo. 
of age. 
P62. Intravenous and oral administration of an 
aqueous suspension of carotene to calves de- 
pleted of their vitamin A stores. H. D. Eaton, 
L. D. Matrerson, L. M. Decker, C. F. Hetm- 
BOLDT AND E. L. JuncHeERR, Storrs Agr. Expt. 
Sta., Univ. of Connecticut. 

Six Guernsey and 6 Holstein calves, 105 days 
of age, were depleted of their vitamin A stores 
until the blood plasma level of vitamin A was less 
than 4 y% for 2 consecutive wk. They then were 
distributed into 3 exptl. groups: (I) controls, 
(II) intravenously administered carotene and 
(III) orally administered carotene. The exptl. 
period of 36 d. consisted of a 6-d. standardizing 
period, a 5-d. period of administering the colloidal 
stabilizer (9% Tween-80) to II and III, followed 
by a 5-d. observational period and a 6-d. period 
in which carotene was administered at the rate 
of 120y/lb. of body weight. The animals were 
slaughtered on the 36th or 37th day for tissue 
analysis and histological examination. Adminis- 
tration of Tween-80 alone resulted in no discern- 
able effects. Both intravenous and oral admin- 
istration of carotene resulted in restoration of 
greater but not statistically significant gains in 
liveweight and in feed consumed per unit of body- 
weight. Intravenously administered carotene re- 
sulted in significantly higher levels of plasma caro- 
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tene and vitamin A (Carr-Price reaction) and 
greater concentration of carotene in the lungs 
than in I and II and in the liver than I. Oral 
administration of carotene resulted in significantly 
higher levels of plasma carotene and greater but 
not statistically significant plasma vitamin A 
levels than in I. Characteristic A-hypovitamin- 
otic lesions of the parotid interlobular and main 
ducts, as well as of the submaxillary salivary 
gland interlobular ducts, were seen upon histo- 
logical examination in all animals in groups I, 
II and III. 


P63. The absorption of vitamin A natural esters 
and carotene from the digestive tract in male 
Holstein calves. M. RonniNG Anp C. B. Knopt, 
Pennsylvania State Coll., State College. 

Studies were conducted with 12 Holstein male 
calves to determine the site of absorption of the 
vitamin A natural esters and carotene from the 
digestive tract of these animals. The calves were 
allowed to suckle their dams for 24 hr., after 
which they were subjected to a depletion period 
of 7 d. on a vitamin A- and carotene-deficient 
diet. On the 8th day, the calves were placed 
in 1 of 4 groups and received a dosage of vitamin 
A in the form of natural esters or carotene ac- 
cording to the following schedule: Group I, 
1,000,000 I. U. vitamin A; Group IT, 250,000 I. U. 
vitamin A; Group III, 1,000,000 I. U. carotene; 
and Group IV, 250,000 I. U. carotene. Eight hr. 
after admin‘stration, the calves were slaughtered, 
the digestive tract removed and the contents 
analyzed for vitamin A and carotene. 

At the highest level of dosage, the vitamin A 
concentration was highest within the abomasum, 
followed by a marked drop in the upper and mid- 
dle portions of the small intestine and then in- 
creased in the lower portion and in the large in- 
testine. The same trend was observed at the 
lower rate of dosage, but without as great an in- 
crease in the lower regions of the tract. Caro- 
tene concentrations showed the same general pic- 
ture but were much lower throughout and were 
similar in both groups. 


P64. Manganese, calcium and phosphorus inter- 
relationships in the nutrition of dairy calves. 
G. E. Hawkins, Jr., G. H. Wise, W. L. Lorr 
AND G. Marrone, N. Carolina Agr. Expt. Sta., 
Raleigh. 

The purpose of this investigation was to deter- 
mine whether or not calves have a demonstrable 
need for Mn under various dietary conditions. 
A 2? factorial design involving three replica- 
tions was used. Baby calves were randomly as- 
signed to the following test diets: I, basal (un- 
der 1 ppm. Mn); II, basal+50 ppm. Mn; III, 
basal+5% Ca(H,PO,),-H,O; IV, basal +5% 
Ca(H,PO,),-H,0+50 ppm. Mn and V, typical 
herd-calf diet. 

The alkaline phosphatase activity and the con- 
centrations of Ca, Mg and P in blood serum and 
of Hb and Mn in whole blood were determined 
periodically. Blood Mn was measured spectro- 
graphically (method developed by W.L.L.). 


. 
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Over a 3-mo. period, the levels of Mn decreased 
in blood of calves fed diets I and III but increased 
in blood of those receiving diets II, IV and V. 
Blood serum Mg values were within normal range 
for calves receiving diets I, II and V but sub- 
normal in calves receiving diets III and IV. 
Hemoglobin and serum Ca and P values were 
within accepted ranges for all calves. Diets III 
and IV suppressed alkaline phosphatase activity, 
the effect being greatest from diet III, while 
normal values resulted from diets I, II and V. 

This study suggests that with a balanced min- 
eral intake the need for Mn by young calves is 
low. 


P65. Distillers’ grain solubles in calf starters. 
R. F. D. M. SeatH anp G. M. BastINn, 
Kentucky Agr. Expt. Sta., Lexington. 


Distillers’ dried grain solubles as a replace- 
ment for dried skimmilk in a calf starter were 
tested using Jersey calves. The basic calf starter 
containing 24.4% dried skimmilk was fed to a 
group of 6 control calves, while 2 starters in which 
distillers’ dried corn solubles and rye solubles 
were substituted for the skimmilk were fed to 
groups of calves totaling 6 each. The dried corn 
and rye solubles were from mashes which con- 
tained 72% corn and 52% rye, respectively. 

For the 16-wk. test period, the average accumu- 
lative gain in body weight for the control group 
was 91.4 lb., the corn solubles group, 104.8 Ib., 
and the rye solubles group, 87.3 lb. The cal- 
culated pounds of T.D.N. required/lb. gain in 
body weight averaged 2.51, 2.27 and 2.49, re- 
spectively. 

The differences between the three starters were 
small and only that between the two solubles ra- 
tions was significant at the 5% level of probability. 


P66. The nutritive value of dried distillers’ 
corn solubles for dairy calves as determined by 
feeding, digestion and palatability trials. S. T. 
a AND K. L. Turk, Cornell Univ., Ithaca, 


During a 3-yr. period, a total of 107 Holstein 
heifer calves has been raised to 16 wk. of 
age by the limited-whole-milk and dry-calf-starter 
method to determine the value of dried distillers’ 
corn solubles. 

Group I, of 35 calves, received the regular Cor- 
nell starter and served as the control. Group II, 
of 24 calves, received 10% solubles which replaced 
all of the dried skimmilk and dried brewers’ yeast 
in the control starter. Group III, of 36 calves, 
received 20% solubles which replaced all of the 
dried sikmmilk and dried brewers’ yeast in the 
control starter. Group IV, of 12 calves, received 
one-half of the whole milk allowance of 370 Ib. 
given the other groups and 27.65 Ib. of solubles as 
a gruel. Group IV received the same starter as 
Group III. Whole milk or whole milk-gruel was 
fed for the first 7 wk. From the 2nd week to the 
end of the experiment, good-quality mixed clover- 
timothy hay was fed ad libitum and calf starter 
was fed free-choice to a maximum of 4 lb. daily. 


Under the conditions of this experiment, no 
difference was observed between groups in starter 
consumption, average daily gain in body weight 
or general appearance. The average total starter 
consumption was 288.4, 278.2, 284.0 and 269.8 lb. 
for groups I to IV, respectively. The average 
daily gain in body weight was 1.41, 1.43, 1.41 and 
1.36 Ib. for groups I to IV, respectively. Approxi- 
mately $12.00/ton of the calf starter was saved by 
using dried distillers’ solubles in the starter for- 
mula. 

In a palatability experiment involving 10 
calves, the above 3 starters were offered free- 
choice to each calf at the same time over a 10-wk. 
feeding period. With this method of experimen- 
tation, the calves preferred the control starter. 
Of the total starter consumption 77.6% was the 
control starter. 

The apparent digestibility of solubles was de- 
termined by difference in 2 digestion trials using 
Holstein bull calves at 17-21 and 36-40 wk. of 
age. The average coefficients of digestibility 
for each of the classes of nutrients were as fol- 
lows: dry matter 76, total protein 73, ether ex- 
tract 78, crude fiber 34, nitrogen-free extract 90 
and ash 55. 


P67. Use of activated glycerol dichlorohydrin in 
the analysis of dairy calf blood plasma for vita- 
min A. R. S. ALLEN, P. G. HoMeyer anp C, Y. 
Cannon, Iowa Agr. Expt. Sta., Ames. 


Two experiments were performed to test the 
effect of saponification and nonsaponification 
techniques when various lots of activated glycerol 
dichlorohydrin (GDH) were used in the colori- 
metric analysis of calf blood plasma for vitamin 
A. In the Ist experiment, 4 lots of GDH dif- 
fering somewhat in age, degree of stability and ac- 
tivity were tested. Over 300 plasma samples col- 
lected during a period of 12 mo. from 115 calves, 
principally of Holstein and Brown Swiss breeds, 
were analyzed. The calves ranged in age from 4 
d. to 12 wk., and were maintained on various 
experimental diets. Statistical analyses of these 
data revealed that the saponification procedure 
resulted in significantly higher vitamin A values 
(P< 0.05) with each lot of GDH tested. The 
degree of “inhibition” of normal color develop- 
ment with GDH when nonsaponification was used 
appeared to correlate more closely with the par- 
ticular lot of GDH than with the age, breed or 
diet of the animals. 

In the 2nd experiment, an incomplete block 
design was used to test the performance of 4 lots 
of GDH that were freshly activated and care- 
fully standardized. Blood plasma samples from 
24 calves were analyzed by both saponification 
and nonsaponification procedures. Statistically 
there were no significant differences attributable 
either to the color reagents or to the procedures 
used. Use of the saponification procedure is 
recommended unless the GDH is freshly activated 
and carefully standardized. 


P68. Effect of glycerol-monostearate, an emul- 
ifying agent, on fat absorption, growth and 
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health of calves. J. S. Hurr, R. K. WaucH AND 
G. H. Wisg, N. Carolina Agr. Expt. Sta., Raleigh. 


Three groups of 5 calves each were fed 3 dif- 
ferent diets from the colostral period to 6 wk. 
of age. The diets varied only in the method by 
which the lipide portion, hydrogenated cotton- 
seed oil, was dispersed. In diet A, dispersion was 
accomplished by homogenization, in diet B, by 
glycerol-monostearate and homogenization and in 
diet C, by glycerol-monostearate only. 

Plasma fat and choline values of calves re- 
ceiving diet B was significantly higher statistically 
than those of calves receiving diet A. Diet C 
supported intermediate levels. 

Fatty livers developed in all calves, but no sig- 
nificant differences in either lipide or choline con- 
tent were found, although the difference in the 
per cent lipides of the calves fed diet B and C 
approached significance. 

Calves on diet A made better gains in body 
weight than calves on either diet B or C; those 
on diet C made the poorest gains. These differ- 
ences, however, were not significant statistically. 

All calves receiving the unhomogenized diet C 
lost hair around the anus, tail and inside of thighs. 


P69. A study of the lipids in the blood plasma 
of young dairy calves. J. H. Zaterer, R. S. 
ALLEN AND N., L. Jacosson, Iowa Agr. Expt. 
Sta., Ames. 


Holstein and Brown Swiss calves were allowed 
colostrum ad libitum from their respective dams 
for 3 d. following birth, and subsequently were 
fed whole milk. Samples of venous blood were 
drawn from the calves at birth, and at 2 and 4 d. 
thereafter, using heparin as an anticoagulant. 
After centrifugation, the plasma lipids were ex- 
tracted with alcoho!-ether, and the various frac- 
tions were separated and subsequently were de- 
termined by oxidative procedures. The lipid 
analyses included neutral fats, total and free 
cholesterol, total fatty acids, phospholipids, free 
fatty acids and total lipids. The Allen method 
(Proc. Soc. Expt’l. Biol. Med., 31: 991-992. 
— also was employed for measuring plasma 
at. 

Comparison of plasma lipids from 2-d.-old 
calves with those from the newborn revealed 
marked rises in the levels of total lipids, total 
fatty acids and ester cholesterol, lesser increases 
in neutral fats and phospholipids and no appre- 
= changes in free cholesterol and free fatty 
acids. 

The values obtained for the several lipid frac- 
tions of the 4-d. samples were variable, but in 
most instances were not appreciably different 
from those of the 2-d. samples. 

The plasma fat values obtained by the Allen 
method apparently measured more accurately the 
total lipids other than phospholipids in the sam- 
ples from 2- and 4-day-old calves than in those 
from the newborn, since in the latter the Allen 
values were lower. 


P70. B-vitamin nutrition of the dairy calf 
studied with “synthetic milk” diets. B.C. Joun- 
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son, W. B. Nevens AND H. H. MitcHeE tt, Univ. 
of Illinois, Urbana. 


A “synthetic milk” has been developed which 
is adequate for the normal growth of dairy calves 
from 2 d. of age to 16 wk. This diet consists on 
the dry basis of 30% purified casein, 34% cere- 
lose, 30% lard and 6% mineral mixture and is 
made up into a “milk” containing usually 13% 
solids. Using this diet, the effect of omitting the 
following B vitamins in turn has been studied: 
thiamin, riboflavin, nicotinic acid, pyridoxine, 
pantothenic acid, biotin and folic acid. 

Using the same diet but with the casein at 20% 
and the cerelose at 44%, the effect of choline 
deprivation also has been studied. 

When the casein of the “synthetic milk” diet 
was replaced by an isolated soybean protein, 
alpha-protein, it was possible to produce and study 
vitamin B,, deficiency in the dairy calf. 

Pictures of the various deficiencies and some 
work on the quantitative requirements and on the 
use of anti-vitamins will be presented. 


P71. Concentrations of certain B vitamins in 
the digestive tract contents of young dairy calves. 
E. M. Kester anp C. B. Knopt, Pennsylvania 
State Coll., State College. 


Levels of thiamine, riboflavin, niacin and folic 
acid were determined on the ingesta of young 
male Holstein calves and these levels compared 
with those of the feed ingested. The calves were 
fed herd milk and had free access to calf starter 
and alfalfa hay. Five animals were slaughtered 
in each of the following age groups: 8, 16, 24 
and 32 d. Upon slaughter, samples were collected 
from the contents of the rumen, abomasum, small 
intestine and large intestine. The samples were 
analyzed, along with samples of feedstuffs, for 
each of the 4 vitamins. Concentrations were 
calculated on the dry matter basis. All vitamins 
were found in greater concentrations in the in- 
gesta than in the feed consumed. Levels of 
thiamine were highest in the rumen contents, 
while those of riboflavin, niacin and folic acid 
were found in greater concentrations in the intes- 
tines. Concentrations of these vitamins did not 
increase with advancing age of the calf; the 8-d.- 
old animals showed levels of all factors as high 
or higher than those in the older age groups. 


P72. Apparent digestion of nutrients in colos- 
trum and milk by calves during the first 18 days 
of life. D. B. Parrisu, D. U. Burris, R. T. 
McIntyre AND E. E. Bartiey, Kansas Agr. Expt. 
Sta., Manhattan. 


Apparent coefficients of digestion of colostrum 
and milk fed to calves during the first 2 d. of life 
were determined and compared with values ob- 
tained also during the 3-4, 5-10 and 14-18 d. in- 
tervals. Six calves were used in this study. 
Carmine was used as a marker for relating feed 
of the various intervals to corresponding fecal 
residues. Average digestion coefficients at the 4 
respective periods were: protein—93, 85, 90, 93; 
ether extract—97, 95, 98, 97; carbohydrate—98, 
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97, 99, 100; ash—95, 97, 95, 91. The smallest in- 
dividual coefficients obtained at any of the periods 
were: protein, 70; ether extract, 90; carbohydrate, 
90; ash, 76. Fatty acid soaps, which escaped 
ordinary ether extraction, were found in the feces. 
If soaps are taken into account, coefficients of ab- 
sorption of fats become smaller. Apparent ab- 
sorption of vitamin A at all periods was greater 
than that of carotenoids, averages being 80-96% 
for the former and 40-80% for the latter. 


P73. Daily fecal excretion of calcium, sodium 
and potassium and fecal pH of eleven dairy cows 
at the time of parturition...G. M. Warp ANnp M. 
F. Apams, State College of Washington, Pullman. 


As part of a project to study metabolic changes 
at the time of parturition, the total fecal excretion 
was collected for 24 hr. and a sample taken for 
analysis on the estimated 30th, 15th, 10th and for 
5 consecutive days prior to parturition and for 
5 d. subsequently and on the 10th, 15th and 30th 
days postpartum. The study involved 1 mature 
Holstein, 1 mature Guernsey, 5 mature Jerseys 
(2 of which developed milk fever) and 4 first-calf 
Jersey heifers. 

The range of fecal pH was 6.51-8.20. There 
was a tendency for pH values to be higher on the 
day of calving, than at other times, although the 
differences were not consistent. The total feces 
excreted ranged from 1.6-92 lb./day. Total 
Ca excretion ranged from 1.82-137.5 g./day, daily 
Na excretion ranged from 0.28-18.22 g. and K 
excretion from 1.13-59.04 g./day. Daily excre- 
tion of the 3 minerals decreased in general as 
parturition approached and then increased to 
levels somewhat higher than those found prepar- 
tum. The total mineral excretion was closely 
related to the dry weight of feces excreted. There 
were no consistent differences in mineral excre- 
tion by cows having milk fever as compared to 
those calving normally. 


P74. Some changes in the blood levels of pyru- 
vic, lactic and citric acids and hematocrit values 
in cows treated for milk fever... G. M. Warp, 
T. H. Biosser anv J. B. State Coll. of 
Washington, Pullman. 


Blood samples were drawn from the external 
jugular veins of cows about to be treated for 
milk fever. Thereafter, samples were taken on 
about the 5th, 10th, 15th and 30th days after 
treatment. Serum Ca determinations were made 
on all samples, as an indication of the severity of 
the attack. 

Serum Ca levels for 8 treated cows aver- 
aged 4.9, 9.6 and 9.6 mg.% on the day of treat- 
ment, the 8th-14th day and the 25th to 34th 
days post-treatment, respectively. For the cor- 
responding times pyruvic acid levels of whole 
blood were 2.13, 0.95 and 1.07 mg.%, respectively; 
and 17.8 mg.%; serum citric acid levels were 2.8, 


lactic acid levels of whole blood were 89.5, 21.0 . 


and 17.8 mg.%; serum citric acid levels were 2.8, 
4.1 and 4.8 mg.%; and hematocrits were 45.0, 
39.1 and 38.1%, respectively. 

Average figures for these constituents on 4 


normally-calving cows at corresponding periods 
were: serum Ca, 9.0, 11.0 and 10.4 mg.%; pyru- 
vate 1.16, 0.97 and 1.05 mg.%; lactate 20.2, 25.2 
and 19.1 mg.%; citrate 3.5, 5.2 and 6.1 mg.% and 
hematocrits 43.5, 40.6 and 42.0. 


1 This investigation was supported in part by 
funds provided for biological and medical research 
7 _— State of Washington Initiative Measure no. 


P75. Effects of feeding thyroprotein to dairy 
cows for successive Jlactations—a report of 
progress. J. W. THomas anp L. A. Moore, 
Bureau of Dairy Industry, U. S. D. A. 


To date, 27 cows have been used in this study. 
Seven of them have been used as control cows 
and 20 have been fed thyroprotein from 50. d. 
postpartum to 90 d. prepartum during each lac- 
tation. 

One control cow and 3 thyroprotein-fed cows 
are now in their 6th lactation, and 1 thyroprotein- 
fed cow is in her fifth lactation, another in her 
4th. No evidence of an early appearance of senil- 
ity has been observed in the thyroprotein-fed 
cows. 

Blood samples have been taken periodically 
and analyzed for hemoglobin, red-cell volume, Ca, 
P, phosphatase, carotene and vitamin A. No 
definite differences have been found between the 
values for the control cows and those for the thyro- 
protein-fed cows. 

To date, the death rate has been higher among 
the calves from the thyroprotein-fed cows than 
among those from the control cows. Milk pro- 
duction, expressed as 4% F.C.M. on a mature- 
equivalent basis, has not been as high as expected 
for most of the thyroprotein-fed cows after the 
lst lactation. Jersey cows have averaged 1.7 
services per conception, both in the thyroprotein- 
fed and in the control groups. Four genetically- 
related Holstein cows in the thyroprotein-fed 
group were slaughtered because they would not 
conceive. Three out of 5 additional Holstein 
cows in the thyroprotein-fed group have been slow 
to conceive. 


P76. Metabolism of radioactive iodine in the 
newborn calf and in the dam at ition. 
R. A. Monroe, E. W. Swanson anp C. E. 
Univ. of Tennessee, Knoxville. 


Two cows were injected intraperitoneally with 
tracer doses of radioactive iodine in the week pre- 
vious to parturition. Blood samples were taken 
from the dam at frequent intervals after injection 
and from the calf at birth. After parturition, 
blood samples were taken from the dam and 
from the calf simultaneously at daily intervals. 
The blood plasma was analyzed for total plasma 
[131, protein-bound I*%1, thyroxine and in- 
organic [181 by comparing radioactivity in each 
fraction with the activity in the solution injected. 

Most of the radioactivity in the plasma of the 
dam during the first few hours after injection was 
in the form of inorganic iodine. At 24 hr. the in- 
organic and protein-bound fractions showed equal 
activity. From 36 hr. on the protein-bound frac- 
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tion contained nearly all of the activity of the 
plasma; 48 hr. after injection nearly all of the 
activity in the protein-bound fraction could be 
attributed to thyroxine. 

The radioactivity in the plasma of the calf at 
birth was more than 10 times as high as that of 
the dam; however, this difference decreased about 
50% during the next 24 hr. Thereafter, the ac- 
tivity in the calf plasma decreased at the same 
rate as that in the dam but remained higher. The 
activity in the plasma of the calf was in the pro- 
tein-bound form, mostly as thyroxine. 


P77. Behavior of radiocalcium in the lactating 
goat after oral and intravenous administration. 
W. J. VisEK J. K. Cornell Univ., 
Ithaca, N. Y. 


Fourteen studies with radiocalcium have been 
conducted using goats to determine the fate of 
this isotope in lactating animals. A dairy concen- 
trate mixture and grass hay supplemented with 
an adequate level of ground limestone were used 
as the experimental ration. Doses of Ca*® Cl, 
were given by stomach tube and intravenously. 
The distribution of Ca*® was measured in the 
blood, milk, urine and feces for 9 d. following 
each tracer dose. Complete Ca and P balances 
were obtained for this period. The results show 
that 5 min. after intravenous injection, 30% of 
the tracer dose remains in the blood stream, 18% 
at 30 min. and 1% at 24 hr. Blood levels of 
radiocalcium after oral administration were found 
to reach maximum at about 12 hr. and decline 
rapidly. The percentage of the oral dose ex- 
creted in the feces varied from 55 to 75%; 16 to 
21% in the milk and 0.3 to 0.8% in the urine. 


P78. Integration of concurrent chemical and 
radioisotope balance trials for the interpretation 
of calcium metabolism studies. S. L. HANsarp, 
C. L. Comar, M. P. PLUMLEE Anp C. S. Hosss, 
Tennessee Agr. Expt. Sta., Knoxville. 


Yearling steers and rats of known nutritional 
histories were given single doses of radiocalcium 
for concurrent balance studies in efforts to dis- 
tinguish quantitatively between: (a) endogenous 
and exogenous feces Ca as affected by gut and 
body store concentration (b) unabsorbed and ab- 
sorbed and re-excreted feces Ca and (c) ex- 
changed and absorbed Ca. 

These findings, correlated with blood Ca con- 
centration, tissue laydown and turnover indi- 
cated that: (a) Source and quantity of excreted 
Ca was dependent directly upon both gut content 
and body reserves. (b) Ca absorption and ex- 
change were augumented when gut and body 
stores were low. (c) Steers on normal and high 
Ca excreted directly without absorption 54 and 
70% of total Ca ingested, while 7 and 4%, re- 
spectively, thereof was absorbed and re-excreted. 
(d) Steers maintained on normal and high Ca 
levels excreted regularly a higher per cent of 
total Ca*® intake than of an oral dose of labeled 
Ca*® Cl,, indicating that 36 and 18%, re- 
spectively, of total feces Ca was derived from ex- 
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change of Ca*® with body Ca*®. Comparative 
bone concentration ratios substantiated these find- 
ings. (e) Mathematical treatment of blood 
curves representing appearance of orally admin- 
istered and disappearance of intravenously ad- 
ministered radiocalcium has been used to cal- 
culate total Ca absorption from the gut. 


P79. The transfer of calcium from pregnant 
heifers to fetus following single oral or intraven- 
ous dosage using calcium*®*. M. P. PLUMLEE, 
S. L. Hansarp, C. L. Comar anp C. S. Hoss, 
Tennessee Agr. Expt. Sta., Knoxville. 


A study was made of (a) comparative accumu- 
lation and turnover in the fetus and dam at 7 d. 
after oral dosage as a function of stage of gesta- 
tion, (b) comparative accumulation and turnover 
in the fetus and dam after intravenous dosing as 
a function of time after dosing, (c) rate of ap- 
pearance of orally administered Ca in the blood, 
(d) rate of disappearance of intravenously ad- 
ministered Ca from the blood and (e) fecal and 
urinary excretion of administered Ca. 

After oral administration the accumulation in 
soft tissues was similar in the dam and the fetus. 
However, the fetal bones always showed a much 
higher concentration than those of the dam; this 
varied with the age of the fetus. For example, 
the ratios of the Ca*® uptake by the fetal metatar- 
sus shaft to the dam metatarsus shaft were 14.3, 
11.6 and 7.5 for the 3.5-, 6- and 7.5-mo. fetus, 
respectively. The corresponding values for the 
metatarsus epiphysis were 2.6, 6.0 and 8.6. 

The relative uptake by fetus and dam after 
intravenous administration was dependent upon 
the attainment of equilibrium of the adminis- 
tered Ca between the blood. of the fetus and the 
dam. At 10 min. after injection the concentra- 
tion of Ca*® in blood of the dam was approxi- 
mately 20 times that of the fetus, whereas, at 30 
hr. the value was 1.5. 


P80. Liveweight gains of yearling dairy heifers 
with pasture as the only feed. W. B. Nevens 
AND S. C. Howerter, Univ. of Illinois, Urbana. 


Liveweight gains of 322 purebred dairy heifers 
which had access to pastures, salt and water as the 
only sources of feed during approximately 5 mo. 
of the year were obtained by weighing the heifers 
for 3 consecutive d. at 4-wk. intervals. The 
trials extended through 14 seasons. 

The heifers were from 9-23 mo. of age when 
put on pasture. The number of animals and 
average daily gains were: 61 Ayrshires, 1.08 Ib.; 
28 Brown Swiss, 0.72 Ib.; 44 Guernseys, 0.87 Ib.; 
132 Holsteins, 0.99 lb.; 57 Jerseys, 0.8 lb. An 
analysis of covariance, which adjusted the gains 
for differences in initial weight, showed a signi- 
ficant breed difference in rate of gain. The 
liveweight gains of the Ayrshire, Guernsey and 
Jersey breeds were only slightly less than the 
Ragsdale estimates for heifers of corresponding 
ages, while the gains of the Holsteins were 
markedly less. The gains varied from season to 
season, depending upon weather conditions, kind 
of pasture crops and other factors. 
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P81. The nutritive value of lespedeza hay for 
wintering dairy heifers. H.H. VorLker anp O. 
T. Straticup, Univ. of Arkansas, Fayetteville. 


Three experiments involving 52 heifers of the 
Jersey and Holstein breeds were conducted during 
the period 1949-51. Sericea lespedeza hay was 
compared to alfalfa, alfalfa-orchard grass and 
prairie hays. The heifers were group-fed for an 
average trial length of 85 d. In the first trial, 
the average daily gain per head for the group fed 
Sericea lespedeza hay was 0.4 lb. as compared 
to 1.37 lb. for the alfalfa-hay group. In the 
second trial, the average daily gain was 0.26 lb. 
for the Sericea group and 0.89 lb. for the group 
fed alfalfa-orchard-grass hay. The weight gains 
of both trials indicate highly significant differences 
between hays. 

The Sericea lespedeza groups consumed ap- 
proximately twice the amount of a simple mineral 
mix fed free choice as did the other groups. The 
palatibility of the Sericea lespedeza hay was very 
low and appeared to have a constipating effect 
on the animals. Body measurements indicate less 
skeletal growth in the groups fed Sericea lespedeza 
hay. The Sericea-fed group had rougher hair 
coats than the animals of the other groups. 

A third trial comparing Sericea lespedeza hay 
plus grain supplementation with prairie hay plus 
grain supplementation is in progress and these 
data will be presented. 


P82. Detection of adulteration in alfalfa meal by 
means of the phosphatase test.1 G. P. SANDERs, 


J. A. Huprer, Jr. anp H. G. Wiseman, Bureau © 


of Dairy Industry, U. S. D. A. 


Heat-dehydrated alfalfa prepared properly for 
use in feed meal may contain from 3-100 times 
as much carotene as field-cured alfalfa. Knowing 
the importance of high vitamin A content, one 
author (H.W.) suggested that adulteration with 
field-cured hay or other nonheat-treated materials 
might be detectable by means of a phosphatase 
test. 

Unheated alfalfa meal yielded (in 1-hr. test) 
approximately 10 times as much acid-phosphatase 
activity as alkaline-phosphatase activity, deter- 
mined at the optimal pH. But only approxi- 
mately 90% of the acid phosphatase(s) was 
destroyed by usual dehydration (275-350° F. at 
outlet of dehydrator). For this reason, and be- 
cause alkaline phosphatase is completely destroyed 
by such heat treatment, the alkaline phosphatase 
test was used. With alfalfa meal the test is 
applied directly; with field-cured hay, samples 
first are ground to a fine meal in a Wiley mill. 
A 1.5-g. sample of the product to be tested is 
washed with 50 ml. of alkaline buffer to re- 
move the interfering chromophoric fraction with- 
out destroying the enzyme. Tetraborate at pH 
9.2 or carbonate-bicarbonate at pH 9.6 yield pH 
values of 9.0 and 9.3 respectively, when mixed 
with sample. The mixture is filtered, washed 
with water and dried. A 0.25-g. sample is tested 
by the Sanders-Sager method of detecting under- 
pasteurization of milk, slightly modified for 


alfalfa meal. As control, a 0.25-g. washed, dried 
sample mixed with 3 ml. test buffer is heated to 
95° C. and tested likewise. As little as 1% adul- 
teration with nondehydrated material in high- 
quality, heat-dehydrated meal was detected regu- 
larly. 

1 This work was done with funds provided by the 
Agricultural Research and Marketing Act of 1946. 


P83. Effects of supplementing dairy cow rations 
with dehydrated alfalfa. E. E. Bartiey, D. B. 
ParrisH, F. C. FountAIne anp C. H. Wuitnan, 
Kansas Agr. Expt. Sta., Manhattan. 


Eighteen cows were divided into 2 groups. 
A double reversal design was used to compare two 
rations: A. Alfalfa hay fed ad libitum, 2 lb. of 
sorgo silage daily /100 lb. body weight and grain 
according to production. B. Similar to ration A 
expect for the inclusion of 0.5 Ib. dehydrated 
alfalfa pellets daily/100 lb. body weight. A sec- 
ond experiment, similar to the first except that 
prairie hay replaced alfalfa hay, was conducted 
later. The protein level of the grain was ad- 
justed to compensate for differences in protein 
when prairie hay was fed without dehydrated 
alfalfa supplement. The cows, when receiving 
dehydrated alfalfa, consumed 3.6 Ib. more hay 
equivalent/cow/day in the Ist experiment and 
4.4 lb. more in the 2nd. This resulted in an 
increase of 0.86 lb. more of 4% F.C.M./cow/day 
in the Ist experiment and 1.2 Ib. more in the 2nd. 
All differences were significant (P=<0.01). 
Iodine values were determined on milkfat ob- 
tained in experiment one. There were no signi- 
ficant differences between rations. Milk from 
cows receiving dehydrated alfalfa in the second 
experiment contained a significantly greater 
amount of carotene. The difference was 10.87 y 
carotene/100 ml. milk (P=<0.01). The differ- 
ence in vitamin A between rations was 0.18 y 
vitamin A/100 ml. milk and was non-significant. 


P84. Nutritive value of cottonseed meals for 
dairy cattle. W. A. Kinc anp D. B. Roperick, 
S. Carolina Agr. Expt. Sta., Clemson. 


Digestibility and nitrogen balance trials were 
conducted on 4 types of cottonseed meals (41% 
protein minimum). The cottonseed meals repre- 
sented samples of the hydraulic, solvent and ex- 
peller processes. The meals produced by the 
hydraulic and solvent processes were commer- 
cial products. The 2 expeller meals were pro- 
duced experimentally as a part of a project in 
which attempts are being made to find a process 
for producing a completely non-toxic cottonseed 
meal of high quality. 

Dairy heifers, in groups of three, were fed the 
various cottonseed meals, cottonseed hulls, oyster 
shell flour, salt and a vitamin A concentrate. The 
quantity of the cottonseed meals fed to the heifers 
was according to their protein requirement and 
ranged from 2.9 to 3.1 Ib. daily. An additional 
digestion trial was conducted with 3 heifers fed 
cottonseed hulls alone. The heifers ranged in 
live weight from 700 to 900 Ib. The excreta were 


tive 
nd- 
ood 
1in- 
ad- 
cal- 
ant 
LEE, 
3BS, 
mu- 
d. 
sta- 
yver 
as 
ap- 
od, 
ad- 
and 
1 in 
‘tus. 
uch 
this 
ple, 
tar- 
4.3, 
tus, 
the 
pon 
inis- 
the 
itra- 
Oxi- 
t 30 
ENS 
fe 
ifers 
the 
mo. 
ifers 
The 
rhen 
and 
Ib.; 
lb.; 
An 
ains 
igni- 
The 
and 
the 
ding 
were 
n to 
kind 


510 PAPERS PRESENTED AT THE 


collected in 10-d. periods and aliquots taken every 
24 hr. The results of the studies will be calcu- 
lated and presented. 


P85. Expeller vs. extracted linseed oil meal for 
milk production. A. D. Pratr anp C. F. Mon- 
roE, Ohio Agr. Expt. Sta., Wooster. 

Expeller process linseed oil meal (4.3% fat) 
and solvent-extracted linseed oil meal (0.8% fat) 
were fed on an equal weight basis to determine 
any difference in effect on milk production. Two 
feeding trials were conducted. Thirteen pairs 
of Holsteins were assigned to groups balanced 
with respect to age, weight, milk production and 
stage of lactation. All cows received as much hay 
and silage as they would eat. The grain mixture 
consisting of 400 lb. ground corn, 240 lb. ground 
oats, 100 lb. of wheat bran, 250 Ib. linseed oil 
meal and 10 Ib. iodized salt was fed at the rate of 
1 Ib. of grain to 3 lb. of milk. 

For two preliminary 10-d. periods a single ra- 
tion was fed to all cows. This ration contained 
linseed oil meal blended from the 2 sources in 
equal amounts. At the end of the 20 d., the 
pairs were assigned to balanced groups and fed 
the 2 experimental mixtures. They were fed thus 
for 11 periods of 10 d., the first being considered 
a transition period. A 2nd similar trial was con- 
ducted with 25 pairs of cows. 

No appreciable differences were found in 
amounts of 4% F.C.M. produced, in rate of de- 
cline of production, in health or in condition of 
hair coat. 


P86. The effect of feeding moderate amounts of 
ground soybeans, soybean oil meal and linseed 
oil meal on the level of carotenoids and vitamin 
A in the milk and blood of dairy cattle. C. F. 
Monroe, J. W. Hisss R. G. WasHBurn, 
Ohio Agr. Expt. Sta., Wooster. 

A continuous feeding trial in which ground soy- 
beans and soybean oil meal were compared failed 
to show any marked differences on the carotenoid 
and vitamin D contents of the milk produced. In 
this comparison grain was fed at a moderate rate, 
along with the liberal feeding of hay. The ground 
soybeans were used for increasing the fat intake 
and comprised 23% of the grain mixture. 

Since this work had failed to demonstrate the 
carotenoid and vitamin A-suppressing effect of soy- 
beans, other trials were conducted using similar 
rations and conditions, but other animals. Lin- 
seed oil meal has been included in this work. The 
results obtained have been similar to those noted 
above, in respect to the carotenoid and vitamin A 
content of the milk. Likewise, blood studies with 
growing Jersey heifers, fed ground soybeans as 
compared to linseed oil meal failed to show any 


difference in the carotenoid and vitamin A con- 
tent of the blood. These results suggest that mod- 
erate quantities of ground soybeans may be in- 
cluded in dairy rations under practical conditions 
of feeding without interfering with vitamin A 
metabolism. 


P87. Progress report on an experiment to deter- 
mine the effects of feeding during early life upon 
subsequent productive and reproductive per- 
formance of dairy cattle. J. T. Rem, G. W. 
TRIMBERGER, S. A. AspELL, K. L. Turk Anp S. 
E. Smiru, Cornell Univ., Ithaca, N. Y. 

An experiment to determine the effects of differ- 
ent levels of nutrient intake from birth to first 
calving upon subsequent productive and_ repro- 
ductive performance of dairy cattle has been in 
progress approximately 3 yr. Each of 60 Hol- 
stein heifers has been allowed one of the follow- 
ing nutrient levels based upon the Morrison 
standards: normal, 100%; supernormal, 140% 
and subnormal, 65%. The 3 feeding levels also 
are characterized qualitatively. 

Average body measurements of heifers on the 
supernormal, normal and subnormal regimes at 
2 yr. of age are, respectively: 1,264, 1,020 and 
700 Ib. body wt., 76.9, 69.6 and 62.6 in. heart 
girth, 52.0, 50.0 and 47.5 in. withers height and 
56.0, 51.9 and 48.9 in. long. The degree of ud- 
der development in heifers on the subnormal level 
of feeding is considerably less than that of heifers 
of the same age on the normal and supernormal 
levels. The average ages at first estrus are: su- 
pernormal, 9.4 mo.; normal, 11.3 mo. and sub- 
normal, 17.3 mo. To the present time the num- 
ber of animals diagnosed pregnant and the aver- 
age number of services required for conception, 
respectively, are: supernormal, 9 (1.33); normal, 


9 (1.22) and subnormal, 9 (1.56). 


P88. The relationship of the drying temperature 
to the nutritive value of corn. I. L. HarHaway, 
F. D. Yunc T. A. Nebraska 
Agr. Expt. Sta., Lincoln. 

The effect of the drying temperature upon the 
nutritive value of hybrid, yellow corn was deter- 
mined by feeding corn, dried at various tempera- 
tures, to groups of rats. The drying temperatures 
varied from approximately 80-240° F. The corn 
was produced at the Nebraska Agr. Expt. Station 
and was from the 1945, 1946, 1947 and 1948 
crops. The rations of the rats were compounded 
so that the corn served either as a source of pro- 
tein or as a source of energy. Seven feeding ex- 
periments were made in which 910 rats were used. 
Temperatures above 140° F. caused a marked re- 
duction in the nutritive value of the corn protein. 
The energy value of the corn was reduced by tem- 
peratures above 120° F. 


EXTENSION SECTION 


El. Unique teaching techniques on subject, 
milking and mastitis. W. A. Dopce, Univ. of 


_ Vermont, Burlington. 


Realizing that mastitis is causing large economic 
losses to Vermont dairymen and that much of this 


trouble is of their own making, an attempt has 
been made during the past year to do two things: 
(a) Bring the findings and opinions of research 
men regarding causes and the control of mastitis 
to Vermont dairymen; and (b) enlist the co- 
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operation of veterinarians, milk plant operators, 
grain dealers and milking machine salesmen, with 
the Extension Service, to convey this message to 
dairymen in such a manner as to really drive it 
home. 

The prestwood 4x8 ft. cow, Susie, equipped 
with a tin udder and rubber teats is actually 
milked before the audience. The narrative 
covers the experience with mastitis in Susie’s 
udder. The first suggestion of trouble comes when 
milk is refused at the country plant. This leads 
to calling in the local veterinarian who not only 
uses antibiotics but has some suggestions on milk- 
ing techniques. The use of these antibiotics gets 
Susie’s owner into more trouble with the milk 
plant. The local plant operator then tells why 
he is interested in mastitis. 

After Susie’s owner goes through a series of 
experiments—one of changing grains and another 
of changing milking machines—he finally learns 
that the veterinarian was right in the first place. 
Improper milking is at the root of Susie’s 
troubles. The good-natured neighbor’s boy who 
does the milking every 4th week-end just didn’t 
realize the harm he was doing when he went out 
to play baseball while the milking machine was 
running or by having boy friends play around the 
barn and lead the calves during chore time. The 
problem is finally solved, however, and with the 
adoption of sound milking techniques Susie’s life 
is saved and everybody is happy. 


E2. Visual aids in dairy extension. G. F. 
Jounson, Pennsylvania State Coll., State College. 

Usually the more the teacher can localize his 
message the more effective it becomes for rural 
people. This gives particular emphasis to the 
less expensive photographic media, such as the 
2 x 2 in. color slides. 

Motion pictures, either for nation-wide cir- 
culation in sound or the more local, silent films, 
are especially suitable as teaching aids for many 
dairy subjects. However, the user should be 
thoroughly familiar with the film and subject 
matter, ard discussion relating to the film should 
be brought out whenever possible. Visual aids 
should be used in such a way that the audience 
become participants, not just spectators, in the 
program. 

Efficient equipment plus resourcefulness in 
photography provide the ground-work for one of 
the best types of visual education available today. 
Beaded-surface screens of maximum size for con- 
venient portability and slide projectors of 500 to 
750 watts multiply many fold the total possibe 
use of color slides, especially for daytime 
meetings. 

Efficient black-board techniques, use of minia- 
tures and models including natural size cut-outs 
(of cows, etc.) and cartooning either “live” or 
by projected slides are other forms of visual aids 
being used with utmost effectiveness by extension 
workers skilled in one or more of these media. 

Variety from year to year in visual media used, 
in type of presentation, and in over-all organiza- 


tion of programs are essential to maximum edu- 
cational value in extension programs. 

Television, while still in the “incubation” stage 
in many areas, has visual teaching possibilities so 
vast no one has yet clearly circumscribed them. 
It is a practical means for selective use of several 
visual aids media, all within a brief 15- or 30- 
min. program. 


E3. Variation in test of fresh milk due to mixing 
procedure. M. E. Sencer, Univ. of Maryland, 
College Park. 

To determine the amount of mixing of fresh 
milk necessary to insure optimum accuracy in 
butterfat tests, a study was made on various 
mixing procedures that are possible in sampling 
milk for DHIA test. This study was made on 
fresh milk as it comes directly from the cow at 
milking time. Five different methods of mixing 
were studied on cows at 3 different production 
levels. 52 cows were used and duplicate tests 
were run on each sample taken from each mixing 
procedure. The mixing procedures included: 
(1) No mixing, sample taken directly from the 
milking machine pail immediately following milk- 
ing; (2) mixing by stirring in milker pail with 
sample dipper (1 oz.); (3) mixing by pouring 
from milker pail to another pail; (4) mixing by 
pouring from one pail to another 2 times; (5) 
mixing by pouring from one pail to another 3 
times. 

From the results of this study there was a slight 
variation in test among methods 2, 3, 4 and 5, 
but they were as much as 0.2 and 0.3% lower 
than method 1 in the high-producing group of 
cows. The average of the tests of all production 
levels combined concluded that method 1 yields 
higher results by 0.123-0.151% in comparison to 
the other 4 methods. There was very little or no 
significant difference among methods 3, 4, and 5. 
It generally is agreed that milk should be 
thoroughly agitated before sampling for accurate 
tests. In this study it is concluded that fresh 
milk taken directly from the cow should be 
poured from one pail to another at least once to 
insure an accurate test. 


E4. Culling practices in Iowa DHIA herds. 
D. E. Voe.ker, Iowa State Coll., Ames. 

The average annual turnover of cows in Iowa 
DHIA herds from 1935-49 was 31.1% of cow 
years tested, resulting in a productive life of 
3.22 yr. Replacements were obtained from 
heifers freshening (82.7%) and purchased cows 
(17.3%). An annual increase in herd size of 
2.4% of cow years tested was noted. 

Study of the 1935-49 period showed that udder 
trouble, sterility, old age, dairy purposes and 
other reasons were causes of removal which in- 
creased in importance over that period, while 
Bang’s disease, tuberculosis and low production 
decreased in importance. No change was noted 
in the number removed because of accidents or 
death. The largest amount of culling was prac- 
ticed in 1935 and between 1943 and 1947. 

The level of production had no significant 
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effect on the amount of turnover or the reasons for 
culling. 

The average age of removal was 6.12 yr. The 
average level of production of culled cows was 
337.1 lb. of butterfat, compared to the 341.5 Ib. 
for those remaining in the herds. Cows removed 
by death had the highest average level of pro- 
duction, followed in order by those that were 
removed because of accidents, sterility, other 
reasons, dairy purposes, tuberculosis, old age, 
udder trouble, Bang’s disease and low production. 

As herd sizes get larger, there is considerably 
more culling for low production and less culling 
for dairy purposes. Culling for udder trouble 
was more prevalent in small herds (less than 10 
cows) and in the very large herds (more than 50 
cows). The level of production was highest in 
the small herds and decreased as herd size in- 
creased. 

Registered herds showed a smaller turnover 
than grade herds. Registered herds were culled 
more strongly for sterility, old age, dairy purposes 
and other reasons, while grade herds were culled 
more strongly for udder trouble, low production 
and Bang’s disease. 

The study shows that monthly reports from 
DHIA supervisors are more accurate in deter- 
mining herd changes than are yearly reports. 


E5. Why some farmers use and others do not 
use the D.H.I.A. program in Howard County, 
Md. M. E. Sencer, Univ. of Maryland, College 
Park. 


V. R. Whiting, a graduate student at the Univ. 
of Maryland, has made a detailed survey on why 
some farmers use the DHIA program and why 
others do not in Howard County, Md. This 
county had 53 DHIA members at the time the 
survey was made. Each member was visited 
personally to get detailed information on this 
problem; an equal number of non-members were 
visited. They were selected by using the dairy 
farm located nearest each DHIA member and 
were interviewed in the same manner. 

The average age of members was less than the 
average age of non-members by about 7 yr. 
Among the members there was a higher per- 
centage with 4-H Club and vocational agricultural 
training than among the non-members. The 
average member had 2 more yr. of formal educa- 
tion than the average non-member. Members on 
the average are operating larger farms and have 
more livestock than the non-members. The 
herd production average of members was higher 
than the herd average of non-members. The 
machinery and buildings on the farms of members 
was in better condition and more adequate than 
on the farms of non-members. Many more ap- 
proved farm practices were in use by members 
than non-members. 

The principal reason for joining DHIA was to 
improve the herd, by eliminating the low pro- 
ducers and by selecting the best animals for 
breeding purposes. The principal reason for not 
joining DHIA was that the farmer felt he could 
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judge the production of cows without DHIA 
records. The analysis of the data in this study 
tends to disprove this belief. 

The principal reason for dropping out of 
DHIA, as expressed by these farmers, was that 
the tester did not do his work. One of the most 
frequent suggestions for the improvement of the 
DHIA program was that testers should not stay 
over-night in the farmer’s home. Better-trained 
testers also should be employed. 


E6. Presenting materials on the junior dairy 
project to extension leaders. W. A. Donce, Univ. 
of Vermont, Burlington. 

In Vermont there is an ever-present problem of 
securing experienced, well trained, local 4-H 
leaders who have the time and interest to devote 
to 4-H Club work. Thus, a problem of holding 
the interest of a group of young live-wires whose 
interests may vary widely is faced. Many people 
are interested in the young folks and would like 
to do something for them but just cannot bring 
themselves to bluffing through the teaching of a 
subject with which they have had very little 
experience. No self-respecting adult is interested 
in undermining his prestige or position as an 
adult and as a parent before a group of local 
young people of which his own son or daughter 
may be a member. 

During the last couple of years special schools 
or meetings just for the leaders have been held in 
Vermont. At these meetings proposed subjects 
or programs for meetings during the next few 
months are discussed. We go over forms, reports, 
etc. which we will expect the young people to 
keep and submit. To be sure that the leaders 
know just how to make them out, we go through 
the practice of making them out. 

We realize that the Dairy project should be, 
and is quite different from many of the other 4-H 
Club projects. Garden, poultry, pigs, etc. are 
usually summer season, or at least short season 
projects. We are trying to encourage our young 
dairymen to, by the end of their second or third 
year, secure top quality heifer calves and carry 
them through at least one lactation. With this 
in mind we recommend that they keep growth 
charts of their animals as compared to normal. 
(Examples are on exhibit.) We require that 
they keep a complete cost and feed record and 
when the animal freshens that this be combined 
with the production record. 

We have changed our judging at the county 
and state dairy days so that credit is given for the 
work of the Club member. Copies of the score 
sheet to be used in 1951 are on exhibit. 

4-H Club leaders having had a school of their 
own on making rope halters, making growth 
charts, keeping production records, judging cows, 
and a variety of related subjects, are much more 
willing to go ahead and instruct the young people 
in these subjects. 


E7. The an of developing a sound 4-H dairy 
program. H. A. Wittman, Cornell Univ., 
Ithaca, N. Y. 
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Years ago, success in dairy club work was 
measured quite largely by many people on a 
basis of the prizes which individual members 
won on their cattle. In more recent times, this 
situation has changed somewhat because many 
states have broadened their dairy programs to 
focus attention on activities fundamental to 
efficient dairy farming and the personal develop- 
ment of youth. Some of these activities have 
included public demonstrations by 4-H members, 
advanced record keeping and management, 
judging, all-round achievement and cooperative 
effort. 

This trend in expanding 4-H dairy club work 
should continue because the dairy business re- 
quires much scientific information, many skills 
and a high production efficiency to compete with 
other industries. Too often, dairy members take 
the soil and its management for granted. They 
do not always learn soon enough about the prin- 
ciples of forage crop production and the im- 
portance of quality roughages as a low-cost source 
of nutrients. In this mechanized age, a respon- 
sibility rests with 4-H Clubs, schools, leaders and 
parents in giving youth training in the care of 
machines and their safe operation. Furthermore, 
there is a need for better qualified leaders. For 
these and other reasons, 4-H dairy programs of 
the future should recognize the importance of 
teaching subjects in related dairy fields and ac- 
quainting members with sources of information 
which may help them to get established in a 
business. 


E8. North central and southern dairy cattle 
breeding research projects under the research and 
marketing act. M. H. Fourman, Bureau of Dairy 
Industry, U.S.D.A. 


This paper is a brief report of the organization 
and early development of the cooperative regional 
dairy cattle breeding projects as authorized by 
the Research and Marketing Act of 1946. It 
includes a short discussion of the justification for 
establishing the projects, the objectives sought in 
the two regions, the plans as formulated to date, 
number of Experiment Stations and size of the 
herds engaged in this cooperation, and a brief 
review of the progress to date. 


E10. Temporary revision of proved sire pro- 
gram. J. F. Kenpricx, Bureau of Dairy Indus- 
try, U.S.D.A. 


The volume of lactation records reported by 
the States for use in compiling DHIA proved- 


sire records increased through the years. During. 


the year 1950 the average number of records 
reported daily exceeded 1,900. Currently, ap- 
proximately 2,500 records are being reported 
daily. 

Due to the present man-power situation, an 
adequate clerical staff cannot be maintained in 
the Bureau of Dairy Industry to satisfactorily 
handle this volume of data, even though the most 
modern machine methods of handling data are 
employed. 


In an effort to reduce the clerical load and still 
continue to compile sire data actually needed, 
several plans will be suggested whereby some 
screening of data can be made so that proved- 
sire records will be compiled on only those DHIA 
sires on which data would be valuable in the 
selection of outstanding sires. 


Ell. Review of artificial breeding 4 OO in 
the southern states. J. B. Frye, Jr., Louisiana 
State Univ., Baton Rouge. 

The artificial breeding programs were studied 
in 14 southern states. The following points may 
be summarized from this study: 

(a) Artificial breeding in the South has grown 
from 400 cows bred by this means in 1939 to 
approximately 270,412 in 1949. This represents 
4% of the cows kept for milking purposes. Con- 
ception rates have increased from 50-55% in the 
ist year to 65-70% in 1949. (b) Approximately 
40% of the bulls used are proven. (c) Techni- 
cians drove an average of 26 mi. per first service 
and bred an average of approximately 811 cows 
(1st services) in 1949-50. (d) The major part 
of the initial financing of the programs in most 
states was by membership, service and cow- 
assessment fees. State and county appropriations 
were necessary in certain cases to initiate the pro- 
gram. (e) The major problems concern 
scattered dairy cow population, lack of farmer 
education or an appreciation of such matters as 
physiology of reproduction, disease, herd testing, 
etc., and slow breeders. (f) The most popular 
and desirable method of employing technicians is 
on the commission basis at rates ranging from 
$3.00 to $4.25/cow. (g) Eight of the 14 states 
are doing research in this field with the primary 
emphasis on the bull. (h) Seven states have bull 
proving programs whereby young sires are 
sampled in college, institutional and farmer 
herds. (i) All states ship semen from Jerseys, 
Guernseys and Holsteins. In addition, Kentucky 
and South Carolina ship from the Brown Swiss, 
and Maryland, Oklahoma, and Louisiana ship 
from the Ayrshire, Milking Shorthorn and beef 
bulls (Angus, Hereford, and Brahman), respec- 
tively. (j) Bulls are collected from every 7-10 

.. with two collections being made on the same 
day in many cases. 


E12. Production results of three generations of 
artificial breeding and of the use of analyzed 
sires. R. ALBrecTsEN, Cornell Univ., Ithaca, 
N. Y. 


The effect of using desirably-proved sires in 
succession in dairy herds is of prime importance 
to all concerned with the artificial breeding pro- 
gram. Records from herds in DHIA indicate 
that the greatest improvement in production 
occurs in the first cross to a desirably proved sire. 
The second generation daughters show smaller 
changes, partially because their dams on the 
favorably to the average of the daughters of 
average are higher producers than the first gen- 
eration dams. Fewer comparisons are available 
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on third generation artificial breeding animals, so 
the trend is not as clearly established. 

The production of A. B. daughters of analyzed 
bulls used prior to proof shows that a majority of 
such young sires prove to be desirable, while the 
average of the daughters of all analyzed sires is 
not quite as high as the daughters of sires proved 
prior to use in artificial breeding; when only those 
young sires with desirable proofs are considered, 
their daughters’ average production compares 
proved sires. Significantly, most of the analyzed 
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sires are still available when proved through their 
artificial breeding daughters. Such bulls can be 
used with considerable confidence that their 
future performance will be similar to the initial 
artificial breeding if 20 or more comparisons are 
available. 

The performance of artificial breeding animals 
varies with the environment in which they pro- 
duce. Early summaries indicate that some of 
the best performances are in the higher pro- 
ducing herds. 


HYDROLYTIC RANCIDITY IN MILK. I. SURFACE TENSION AND 
FAT ACIDITY AS MEASURES OF RANCIDITY 


W. L. DUNKLEY} 
Department of Dairying, University of Alberta, Edmonton 


Two commonly used measures of hydrolytic rancidity in milk or cream are 
free fat acidity and surface tension. This paper presents results of a study con- 
ducted with the view of examining critically the applicability and reliability of 
these two methods. 

The literature dealing with the relation between the acidity of milk fat (usu- 
ally expressed as acid degree, i.e., milliliters of 1 N NaOH required to neutralize 
100 g. of fat) and the rancid flavor in the product from which it was obtained 
shows considerable lack of agreement (7, 8, 9, 11, 12, 14, 15, 17, 18). 

The decrease in surface tension resulting from lipolysis in homogenized raw 
milk was observed by Halloran and Trout (10), Doan and Minster (6) and Doan 
(5). Tarassuk et al. (23, 24, 25, 26,27) and Hetrick and Tracy (13) have used 
surface tension as a measure of lipolysis, the former consilering it ‘‘the most 
distinct change differentiating rancid from non-rancid milk.’’ Other factors 
which influence the surface tension of milk are the percentage of fat (4) or pro- 
tein (2), homogenization (6), temperature treatment (3, 22) and the method for 
its determination (20). 

Martin et al. (19) found differences in the incidence of rancidity in milk 
samples stored in filled as compared with partially-filled bottles. Proks and 
Groh (21) noted that different quarters of the udder of the same cow produced 


‘milk of varying lipolytic activity. 


PROCEDURE 


Cream samples were collected from selected shipments intended for butter 
manufacture and received by Edmonton creameries during winter months. Or- 
ganoleptic examinations were made by two experienced judges and the samples 
divided into three classes: ‘‘not rancid,’’ ‘‘slightly rancid’’ and ‘‘rancid.’’ Fat 
acidity determinations were made by the method of Herrington and Krukovsky 
(11) with minor modifications. Duplicate determinations on 20 samples of milk 
fat by this procedure averaged 0.07 higher than by the A.O.A.C. method (1). 

Milk samples, unless specified otherwise, were representative of entire morn- 
ing milkings of individual cows in the University herd. Samples were placed 
in a cooling tank at 10° C. or lower, usually within 5 min. after milking. About 
2 hr. later the samples were transferred to a 4° C. water bath and held an addi- 
tional 2 hr. before subsequent treatment. The individual samples were mixed 
by gentle inversion and two 30-ml. portions removed. One portion was returned 
to the 4° C. bath for determination of surface tension 24 hr. later (28 hr. after 
milking). The second portion was treated to activate lipolysis by a temperature- 
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fluctuation treatment basically the same as that described by Krukovsky and 
Herrington (16). The activated milk was stored at 4° C. for 24 hr. before de- 
termining the surface tension. In certain trials a third portion of the sample 
was used for determination of surface tension 4 hr. after milking. 

The instrument used for surface tension measurements was a Cenco-du Nouy 
Precision Form Tensiometer adjusted to read surface tension directly in dynes 
per centimeter. Determinations were made in triplicate on each sample at 20° C. 
In addition, each sample was examined organoleptically. The surface tension of 


TABLE 1 


Average and range of fat acidities of cream samples classified organoleptically on the basis of 
intensity of rancidity 


Acid degree 
Class No. of samples 
Average Range 
45 0.98 0.44-2.10 
Slightly rancid 0... 15 2.59 1.47-4.88 
Rancid 32 3.46 1.09-5.94 


the samples which were not activated was used as a measure of susceptibility to 
spontaneous rancidity, and that of the activated samples as a measure of sus- 
ceptibility to induce rancidity. 

RESULTS 


Relation between fat acidity and rancid flavor of cream. Data based on fat 
acidity determinations and organoleptic classifications of rancidity for 92 samples 
of winter cream are presented in table 1. 

Rancidity was detected organoleptically in a few samples with acid degrees as 
low as 1.5 (in two cases below 1.5), but it was not detected consistently in all 
samples until the acid degree exceeded 2.1. The average acid degree of samples 


TABLE 2 


Average, standard deviation and range of surface tensions of milk samples classified organolep- 
tically on the basis of intensity of rancidity ; 


No. of Standard 
Class samples Average Fr Range 
(dynes/cm.) (dynes/cm.) (dynes/cm.) 
421 46.61 0.95 44.4-50.4 
Slightly rancid .................. ; 193 44.23 1.02 41.8-47.1 
Rancid 238 40.74 2.52 32.3-46.1 


classified as slightly rancid was appreciably lower than that of the rancid class 
but, in general, there was poor correlation between the acid degree and the in- 
tensity of rancidity estimated organoleptically. The range of fat acidities of 
the rancid samples completely overlapped that of the slightly rancid samples. 
Relation between surface tension and rancid flavor of milk. Results obtained 
from determinations of surface tension of milk samples taken at weekly intervals 
from 12 to 15 cows of three breeds (Holstein, Jersey and Shorthorn) over a 
period of approximately 1 yr. are summarized in table 2. The data were divided 
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into three classes. The not rancid class included only determinations made 4 hr. 
after milking, and the slightly rancid and rancid classes, both 4-hr. and 28-hr. 
determinations. 

It is evident from these data that the development of a rancid flavor is ac- 
companied by a marked reduction in surface tension. The range of surface ten- 
sion of the slightly rancid class overlapped that of the not rancid class enough to 
limit the use of surface tension alone as a means of differentiating between normal 
milk and that which is noticeably rancid by organoleptic examination. Rancidity 
seldom was detected in samples with surface tensions above 46 dynes per centi- 
meter but was detected in most samples having a surface tension below 45 dynes 
per centimeter. Surface tension values between 45 and 46 dynes per centimeter 
might have resulted either from a low surface tension for normal milk which had 
not undergone lipolysis, or from incipient rancidity which was not consistently 
detectable organoleptically. On the basis of the above findings, a decision was 
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28 HOURS, NOT ACTIVATED 


z SOF HOURS, ACTIVATED 
a 
z 
45 
uw 
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Fig. 1. Influence of fat percentage on surface tension of milk. 


made to use a minimum standard of 46 dynes per centimeter to select milks 
which, with a reasonable certainty, were not rancid, and a maximum standard of 
45 dynes per centimeter for selecting milks which would likely be rancid. 
Influence of percentage of fat on the surface tension of milk. Milk from an 
individual cow was separated immediately after milking and the cream contain- 
ing approximately 35 per cent fat was recombined with the skimmilk in dif- 
ferent proportions to obtain milk samples containing varied percentages of fat. 
These samples were subjected to the standardized procedure for the determina- 
tion of surface tension 4 hr. after milking, and 28 hr. after milking with and 
without activation. The results of four experiments were plotted and best-fit 
lines drawn through the points. The surface tensions at certain arbitrary fat 
percentages (0, 2, 4, 6, 9 and 12) were averaged and used for plotting the curves 
in figure 1. Above approximately 6 per cent fat there was little decrease in 
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surface tension with increased fat percentage. The decrease in surface tension 
under conditions favorable for lipolysis increased with the fat content. These 
results indicate that variations in the fat content may account for a large part of 
the variability in surface tension of normal milk samples. 

The percentage of fat also influenced the surface tension at which rancidity 
was detected organoleptically. Rancidity was not detected in three recombined 
milk samples containing approximately 2 per cent fat, even though their surface 
tensions had dropped below 42 dynes per centimeter. The percentage of fat has 
sufficient influence on both the surface tension of milk and the surface tension at 
which rancidity can be detected organoleptically that it should not be over- 
looked when surface tension is used as a measure of lipolysis. 

Other factors influencing surface tension and rancidity. Several experiments 
were conducted to determine the influence of the fullness of the sample vessel on 


TABLE 3 


Surface tension of milk from individual udder quarters of two cows 
(Data are averages of results from 3 experiments) 


Surface tension 


Quarter 28 hr. 
4 hr. 
Not activated Activated 
Sylvia (dynes/em.) (dynes/em.) (dynes/cm.) 
RF 48.4 47.8 43.0 
LF 48.5 47.4 44.6 
RR 48.4 47.6 44.8 
LR 48.5 47.7 45.2 
Lucy 
RF 47.9 48.2 41.8 
LF 47.8 47.3 42.7 
RR . 45.4 39.5 33.3 
LR 46.8 46.3 39.2 


lipolysis as measured by surface tension changes. The average surface tension of 
22 samples was the same whether held in full stoppered test tubes or half-filled 
open test tubes. In a similar experiment in which 0.25-pt. bottles were used as 
the sample vessels, there was no difference between the average surface tension 
whether the bottles were full and capped or half-full and capped. However, there 
was a difference of 1.4 dynes per centimeter between the average surface tension 
for the samples held in test tubes and those held in 0.25-pt bottles. These results 
indicate that the type of sample bottle may be a factor influencing lipolysis. 

The susceptibility to rancidity of milk samples taken from individual quarters 
of a cow’s udder was relatively constant in some cases, but showed marked varia- 
tions in others. This is illustrated by the data in table 3, which are averages of 
results obtained on three different days for two cows. The surface tension of 
milk drawn from individual quarters of Sylvia’s udder was very constant, 
whereas that from Lucy’s udder showed large variations. Milk from Lucy’s 
right rear quarter consistently showed a rapid decrease in surface tension accom- 
panied by the development of pronounced rancidity. 
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Other possible variables in the sampling procedure such as differences in rate 


of cooling of samples and exposure to light could cause variations in surface 
tension. 


SUMMARY 


On the basis of acid degree determinations applied to fat obtained from cream 
samples, it is concluded that fat acidity determinations are helpful in classifying 
cream as ‘‘not rancid’’ or ‘‘rancid,’’ but they are of little value as a measure of 
the intensity of rancidity when compared with organoleptic evaluations as the 
standard. 

Rancidity in milk was estimated more conveniently by changes in surface 
tension than by fat acidity determinations. There was less overlapping of the 
surface tension ranges for the ‘‘not rancid’’ and ‘‘rancid’’ classes of milk than of 
the acid degree ranges for the same classes of cream. Rancidity seldom was 
detected in samples with surface tensions above 46 dynes, but was evident in most 
samples with values below 45 dynes per centimeter. 

The results reported confirm that the fat percentage influences both the sur- 
face tension of milk and the surface tension at which rancidity can be detected 
organoleptically. Variations in procedures for sampling and treatment of sam- 
ples may cause differences in surface tension and/or lipolysis. 
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HYDROLYTIC RANCIDITY IN MILK. II. SOME MANAGEMENT AND 
ENVIRONMENTAL FACTORS INFLUENCING LIPOLYSIS 


H. FREDEEN,! J. E. BOWSTEAD, W. L. DUNKLEY? anp L. M. SMITH 
Departments of Animal Science and Dairying, University of Alberta, Edmonton 


During an investigation of several aspects of hydrolytic rancidity, surface 
tension and organoleptic flavor examinations were made at weekly intervals (and 
in some cases, daily) on the milks of individual cows. The results have been 
analyzed to provide information regarding the influence of certain management 
and environmental factors on susceptibility of milk to spontaneous and induced 
rancidity. 

Individual cows maintained under the same conditions vary markedly in the 
susceptibility of their milk to rancidity and the trends they follow throughout 


their lactation periods (9,12). Milk from an individual cow may vary consid- 


erably in its susceptibility to rancidity from day to day (1) and even samples 
taken from individual quarters of a cow’s udder may show differences (4, 18). 
These inconsistencies make it difficult to establish definitely the influence of other 
variables on rancidity.and may be at least partially responsible for some con- 
flicting reports in the literature. 

Numerous investigators have associated an increased incidence of rancidity 
with advanced lactation, particularly during long lactation periods (1, 5, 6, 8, 
9, 11, 15, 16, 20,22). Results reported by Weaver (23) indicated that advanced 
gestation may be more important than advanced lactation. Although some in- 
vestigators have assumed that the increase in rancidity in late lactation and dur- 
ing winter is attributable to an increase in concentration of lipase, reports have 
been published which may be considered evidence that the concentration of lipase 
in milk does not increase under these conditions (14, 17, 19). 

The feed the cow receives is known to be an important factor influencing 
the susceptibility of milk to lipolysis. Feeding experiments (2, 3, 21, 22) and 
practical observations (6) have demonstrated that green pasture decreases and 
dry feeds increase the incidence of rancidity. Milk is most susceptible to ran- 
cidity during the winter months. This usually is attributed to unfavorable feed 
conditions and, in some cases, to a high proportion of cows in a herd in advanced 
lactation, but little consideration appears to have been given to other seasonal 
variables. 

Kelly (10) has reviewed several reports which indicate a possible relation 
between various hormones and the incidence of spontaneous rancidity. 

Most of the investigations cited above have been concerned primarily with 
spontaneous rancidity, but little consideration has been given to factors influenc- 
ing induced rancidity. Krukovsky and Sharp (13) concluded that the amount 
of lipolysis induced by shaking bears little or no relation to breed, season or milk 
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production of the cow. Results reported by Herrington and Krukovsky (7) did 
not show any apparent correlation between the rate of either spontaneous or tem- 
perature-induced lipolysis and the stage of lactation or gestation. 


EXPERIMENTAL 


Milk samples used in this study were representative of the entire morning 
milking of individual cows in the University herd. Except where specified 
otherwise, the cows were maintained under the usual conditions of feed and care 
prevailing in the herd. Colostrum and milk from diseased udders were excluded 
and records were kept of milk production and dates of estrus, breeding and par- 
turition. The treatment of samples and procedure followed in making surface 
tension determinations were the same as described in the previous paper (4). 
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Fie. 1. Surface tension of morning milk samples taken daily from two cows. 


Day-to-day variations. Milk samples were taken daily from the morning 
milking of two cows, Jane (Jersey) and Colantha (Holstein), and surface tension 
determinations, with and without temperature activation, were made 28 hr. after 
milking. The cows freshened only 8 days apart and did not undergo any period 
of estrus, feed refusal or evident physiological disturbance during the experi- 
ment. Results for a 1-mo. period presented in figure 1 demonstrate that under 
standardized conditions marked day-to-day variations in the susceptibility of 
milk to both spontaneous and induced lipolysis are to be expected. 

Individuality of the cow. Results obtained in this investigation were con- 
sistent with previous observations that cows show marked differences in the sus- 
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ceptibility of their milk to lipolysis even when maintained under the same feed 
and environmental conditions. In some cases cows showed similar trends during 
successive lactation periods, especially when they freshened at approximately the 
same time of the year. This is illustrated by the results for two lactation periods 
of Rose plotted in figure 2. 

Stage of lactation and gestation. Some cows produce milk with greater sus- 
ceptibility to lipolysis as they approach the end of their lactation periods, whereas 
others do not. This is illustrated by figure 3 in which the average surface ten- 
sion of non-activated and activated milk samples from two groups of eight cows 
each are plotted for the last 30 wk. of lactation. 
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Fie. 2. Surface tension of milk samples from Rose taken at weekly intervals during two 
successive lactations. 


The data were analyzed critically in an attempt to determine whether it is 
advanced lactation or advanced gestation which is responsible for the increased 
susceptibility to rancidity toward the end of lactation. Results were not ob- 
tained for any cows which completed lactation without becoming pregnant, but 
cows with long intervals between end of lactation and parturition could not 
have been in advanced gestation at the end of lactation. Therefore, 23 cows 
were divided into three groups based on the number of weeks between their lacta- 
tion periods. The percentages of the cows in each group whose milk was more 
susceptible to rancidity toward the end of lactation are presented in table 1. 
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Fig. 3. Average surface tension of milk samples taken at weekly intervals during the last 
30 wk. of lactation from two groups of cows. Group A—8 cows whose milk did not increase in 
susceptibility to rancidity in advanced lactation. Group B—8 cows which produced milk with an 
increased susceptibility to rancidity in advanced lactation. 


The cows which were most advanced in gestation when dried (i.e., only 4- to 6-wk. 
interval between lactation periods) showed the least increase in both spontaneous 
and induced rancidity with advanced lactation. These data are too limited to 
permit drawing a definite conclusion, but they indicate that it is advanced lacta- 
tion, not advanced gestation, which contributes to the increase in rancidity in late 
lactation. 


TABLE 1 


Influence of time between lactation periods on percentages of cows showing increase in rancidity 
in advanced lactation 


Weeks between lactation periods 


4-6 7-10 14-25 
No. of cows 7 11 5 
Percentage showing increase in spontaneous 
rancidity at end of lactation 14 36 40 


Percentage showing increase in temperature- 
induced rancidity at end of lactation. .................. 43 54 80 


524 


FACTORS INFLUENCING LIPOLYSIS 525 


Seasonal variations. Figure 4 illustrates trends in lipolysis for the 12 to 15 
cows on test over a 2-yr. period. Each week’s surface tension results were aver- 
aged, then these data were smoothed three values (by averaging the results for 
the previous and succeeding weeks with each week’s result) in order to depict the 
trends more clearly. 

Since the cows were not selected to compensate for the influence of stage of 
lactation on seasonal trends, this factor must receive careful consideration in 
comparing results for the two years. During January, 1945, three cows in ad- 
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Fie. 4. Average surface tension of milk samples taken at weekly intervals from 12 to 15 
cows over a 2-yr. period. 


vanced lactation were replaced by three fresh cows and at that time there was a 
sharp decrease in incidence of both spontaneous and induced rancidity. Three 
cows were in advanced lactation during late September and October, 1945, when 
there was a marked increase in induced rancidity. Six fresh cows were added to 
the group during November and December, 1945. There was little change in 
incidence of rancidity during this period, but the fresh cows may have prevented 
an increased incidence of spontaneous rancidity which was encountered frequently 
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at this time of the year. The high proportion of cows freshening at approxi- 
mately the same time would be expected to increase the incidence of rancidity 
during the fall and winter of 1946 when these six cows were in advanced lacta- 
tion. Because of these limitations, the data in figure 4 should be considered an 
illustration of combined effects of several factors rather than of season alone. 

Feed must be considered one of the seasonal variables in this study since it 
was subject to seasonal changes. Pasture feeding appeared to reduce suscepti- 
bility of the milk to both spontaneous and induced rancidity in 1945, but its 
influence on the 1946 results is difficult to interpret. 

Attempts were made to determine whether there was any correlation between 
incidence of spontaneous or induced rancidity and average temperature, tempera- 
ture extremes, hours of sunshine, hours of artificial light or amount of exercise 
the cows received, but no evidence was obtained to indicate that any of these 
variables was important. 

Relative importance of season and stage of lactation. Data for 28 complete 
lactations were studied in an attempt to evaluate the relative importance of season 
and stage of lactation on the incidence of rancidity. Spontaneous rancidity de- 
veloped more than twice, i.e., the surface tension of the non-activated sample 
was below 45 dynes per centimeter 28 hr. after milking, in 15 lactations. In 
eight lactations spontaneous rancidity developed at the end of the period, but in 
four of these it also occurred earlier. Only eight of the 28 lactations exceeded 
52 wk. in length, but in four of these spontaneous rancidity developed at the end. 
In eight cases spontaneous rancidity developed only during the winter, in four 
only during the summer, and in three during both winter and summer, but 12 of 
these 15 lactations were terminated under winter conditions (October to April, 
inclusive). These data do not permit drawing a definite conclusion regarding 
the relative importance of season and stage of lactation, but they are consistent 
with previous reports that milk is most susceptible to spontaneous rancidity to- 
ward the end of long lactations and when cows are in advanced lactation in winter. 

In analyzing the data for factors influencing induced rancidity, changes in 
surface tension were considered rather than the number of samples with surface 
tensions below 45 dynes per centimeter. In 14 of the 28 lactations the milk 
showed less response to activation while the cows were on pasture, but in one case 
the response to activation was greatest during pasture feeding. In 20 periods 
induced rancidity increased in intensity toward the end of lactation. These re- 
sults are not consistent with those reported previously (7) because they indicate 
that season and stage of lactation influence the susceptibility of milk to tempera- 
ure-induced rancidity as well as to spontaneous rancidity. 

Influence of hormones. Milk samples were collected daily for 40 days from 
four open cows in their first to fourth week of lactation. Each cow exhibited one 
or two estrus periods during the experiment but the results of the surface tension 
determinations did not show any unusual fluctuations which could be associated 
with the estrus cycle. These results are not consistent with those reported else- 
where (10). 

During one lactation the cow Maxine failed to exhibit estrus in the normal 
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manner following parturition and was given injections of a mixture of pituitrin 
and stilbestrol. The surface tension of the milk collected on the day following 
injections exhibited an extreme drop as shown in table 2. Five other cows at 
various stages of lactation were treated similarly with injections of pituitrin and 
stilbestrol, but the surface tension did not show any unusual fluctuations. Al- 
though these results with pituitrin-stilbestrol injections were inconsistent, the 
pronounced increases in lipolysis following Maxine’s injections indicate that 
under some circumstances hormones may influence the incidence of rancidity. 


TABLE 2 
Decreases in surface tension of milk following two injections of Maxine with pituitrin-stilbestrol 
mixture 
Surface tension 
Date 
Not activated Activated 

(dynes/cm.) (dynes/cm.) 
January 16 47.6 42.8 
“ 24 47.0 42.6 
si 30a 33.8 32.7 
February 6 46.2 42.8 
May 15 46.7 41.3 
22 47.1 43.8 
29a 32.6 31.8 
June 5 47.0 44.9 


@ Mixture of pituitrin and stilbestrol injected the previous day. 
SUMMARY 


The results presented confirm that susceptibility of milk to spontaneous ran- 
cidity varies with individuality of the cow, stage of lactation and season. The 
observation that season and stage of lactation also influence susceptibility of milk 
to temperature-induced rancidity is inconsistent with results reported previ- 
ously. 

Advanced lactation, not advanced gestation, appeared to be the factor which 
contributed to the increase in rancidity toward the end of lactation. 

No evidence was obtained to indicate a relation between the estrus cycle and 
susceptibility of milk to rancidity. Results obtained following injections of a 
mixture of pituitrin and stilbestrol were inconsistent. 
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VARIATIONS IN AMOUNT OF CULLING FROM D. H. I. A. HERDS 


8. A. ASDELL 
Animal Husbandry Department, Cornell University, Ithaca, N. Y. 


It is well known that the average productive life of the dairy cow is short 
compared with her potential life and that it is less than 4 yr. Figures for 
U. S. A. given by Lush and Lacy (5), Cannon and Hansen (3), for England 
by Smith and Robison (6), for Scotland by Wright (8), for Wales by Howell (4) 
and for New Zealand by Ward (7), all give this approximate interval as the 
average at which they are culled. It has been pointed out repeatedly that this 
unpleasant fact leaves but a small margin for profit, and, perhaps more im- 
portant, gives little chance for improvement in yield by selection of heifer calves. 

The steady accumulation of culling data by state Dairy Herd Improvement 
Associations gives an opportunity to study the causes for this short effective life 
and to observe the trends that are taking place. Also there is a limited amount 
of data on the effects of age upon the rate of culling for various major reasons 
that shed light upon this most serious problem. With the aid of the extension 
specialist in charge of D. H. I. A. work in several states these data are now brought 
together and discussed. Some striking results have emerged from this analysis, 
particularly in regard to the decrease in culling for brucellosis reaction and to the 
marked increase im that for sterility in the last 15 yr. There has been no pre- 
vious attempt to gather together and examine the material now available. For 
one state, Baltzer (2) has submitted several years of the Michigan records to 
analysis. Apart from this only sporadic records for single years or of small 
samples have been published. 

The present material was obtained by writing the D. H. I. A. Extension Spe- 
cialist in each state and territory, asking him to supply the necessary information 
if he had it. Seventeen states supplied data; 25 had none. Eight did not reply 
and it may be presumed that they had nothing available on the subject. The 
writer is indebted to those who have made this analysis possible by supplying 
their accumulated figures. For several states the data were practically complete 
year by year for about 18 yr., and for a few it was possible to break the material 
down for age groups. The culling figures have been worked out as percentages of 
total cows on test’ for states, by years and, where possible, by age groups. After 
trying various methods, such as expressing eulls for each reason as percentages 
of total culls, with and without those sold for dairy purposes or for low produc- 
tion this total-cows-on-test basis for comparison seemed the best and certainly 


Received for publication Dec. 11, 1950. 

1 The figure usually supplied was the ‘average number of cows on test.’ This is the sum 
of the monthly totals of milking and dry cows in D. H. I. A. herds divided by 12. Virginia 
reported the number of ‘cow years.’ This is the number of days a cow is milking divided by 
365. The Wisconsin data did not show the nature of the total for that state; it was described 
as a sample of 10,000 cows. Since the numbers for these states are a small portion of the 
grand total, no attempt was made to modify them. The grand total represents the sum of the 
numbers of cows on test for each year. 
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the simplest. The returns were fairly evenly distributed between dairy and non- 
dairy states and throughout the country, except that the far west and the south 
were not adequately represented. The resulting averages may be regarded as 
giving a reasonably accurate picture of conditions as they have existed for the 
past 15 yr. The earliest records are for 1932, but too few states are represented 
before 1935 for the 1932-4 averages to be regarded as of much significance. 
Altogether, 2,792,188 cows on test from 1932 to 1949, inclusive, were tabu- 
lated. Cullings and their reasons are reported in table 1 along with those avail- 
able for other countries for purposes of comparison. These figures reveal a 
turnover of about one-fifth of D. H. I. A. cows each year, but since those sold 
for dairy purposes, 5.1 per cent, are not lost to the industry, the net loss of cows 
on test each year is 16.8 per cent. Only 1.7 per cent die or are culled because 
of old age. Even assuming that some of the low producers are so because they 
are old, an assumption that the age data show to be true to a limited extent, very 
few cows reach the limit of their productive life. Fifty per cent of the cows in 
D. H. I. A. herds have been removed for reasons other than for dairy sales in a 


TABLE 1 
Comparative cow culling in different countries 
Total Re. Dairy Low Udder gte. Old Other 
movals rility Died age reasons 
on test poses duction bles 8 


(%) (%) (%) (%) (%) (%) (%) (%) (%) 


United States 2,792,188 21.9 5.1 7.3 2.5 1.5 1.8 1.1 0.6 ig 
Scotland 22,000 16.5 3.2 2.7 2.5 0.3 2.8 pe | 0.8 3.0 
England 12,348 24.4 4.0 3.9 1.6 0.7 = = 0.8 on 
New Zealand 142,820 16.7 1.6 5.6 3.7 2.6 0.9 0.8 1.5 


little over 3 yr., so the figure usually quoted for the average length of productive 
life (about 3.5 yr.) is substantially correct, taking into consideration that in each 
year some of the culling is among the new cows introduced as replacements. 

Comparing the U. S. figures with those for other countries, they are very 
similar to those for New Zealand when allowance is made for the small propor- 
tion of cows sold for dairy purposes in that country. The cullings for Scotland 
also are similar, except that sales for dairy purposes and for low production in 
that country are decidedly lower. The English sterility rate is much higher, and 
also the culling for ‘‘other reasons,’’ mostly due to the high rate of culling for 
tuberculosis in that country. 

No trends in the U. S. data by regions or types of animal husbandry preva- 
lent could be discerned, except, perhaps, that the sterility rate seems to be higher 
in those states near the large centers of population, 7.e., in those states which 
buy many of their replacements from outside their boundaries. The breakdown 
by states is given in table 2. 

The yearly trend in culling. The series under consideration ranges from 
1932 to 1949. Up to 1936 the number of states represented is too small for sig- 
nificant trends to be established; afterwards more states are included. The 
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TABLE 2 
Cow culling percentages by states 


Total Dairy Low Udder 
Re- Abor- Ste- Old Other 
cows pur- pro- trou- Died 
on test ™movals poses duction bles ten tility 

(%) (%) (%) (%) (%) (%) (%) (%) (%) 

Arizona 16,825 21.4 2.2 7.8 3.0 0.7 2.6 2.1 0.6 2.6 
Connecticut 45,073 18.5 3.1 5.3 2.6 1.2 3.1 0.7 0.8 1.8 
Indiana 11,658 20.5 5.6 6.2 2.3 2.0 1.4 0.4 0.2 2.5 
Iowa 532,785 21.7 6.2 7.2 2.0 5 1.6 1.3 0.5 1.8 
Kansas 126,982 18.6 5.4 5.5 2.2 1.2 1.1 1.3 0.7 1.1 
Maine : 1,432 30.5 6.4 10.1 2.6 2.7 2.0 0.6 11 5.0 
Maryland 32,154 19.1 3.7 6.3 2.7 1.6 1.4 1.3 0.7 1.4 
Michigan 367,980 25.4 5.1 10.6 2.7 1.6 1.8 1.3 0.7 a 
Minnesota 324,878 21.5 4.3 8.0 2.2 1.6 2.0 1.1 0.9 1.4 
Nebraska 9,300 40.3 17.1 12.2 4.2 0.2 2.3 Bj 1.3 1.3 
New Jersey 54,618 23.1 2.8 8.6 3.0 0.6 3.9 1.2 pe 1.9 
New York 276,937 25.9 5.5 7.2 4.3 2.2 1.9 1.1 0.9 2.7 
Pennsylvania 892,280 19.6 4.9 5.7 2.2 1.9 1.9 0.9 0.5 1.6 
Texas 41,958 27.6 4.4 14.3 2.0 0.9 0.6 2.0 0.5 2.9 
Virginia 17,402 19.2 2.1 7.2 3.2 0.6 2.2 1.5 0.7 em 
West Virginia 29,926 26.9 6.9 10.5 3.0 1.5 1.0 1.6 0.8 1.6 
Wisconsin 10,000 20.5 5.2 5.5 1.9 0.7 2.4 0.9 1.4 2.3 
Total 2,792,188 21.9 5.1 7.3 2.5 1.6 1.8 at 0.6 1.8 


yearly averages are given in table 3. Total removals were high in 1936, falling 
slowly to 1941; then there was a sharp drop to 1943 and 1944. In the latter 
year, a rise had begun which was sharply accentuated in 1945. Since then there 
has been an irregular fall. The high level in the mid-depression years may be 
linked with the low prices for cows and milk during these years. The marked 
reduction in culling in the early war years probably is linked with the demand 
for more milk and the advice that was given farmers to keep their cows. Sales 


TABLE 3 
Yearly changes in causes of cow removals 


movals PUT pro- trou- ‘tion rility Died reasons 
on test poses duction bles y age 

(%) (%) (%) (%) (%) (%) (%) (%) (%) 
1932 33,712 23.0 4.4 8.7 2.0 pe | 1.6 132 0.9 3.1 
1933 13,617 17.0 2.9 Sar 1.4 0.8 it 1.2 0.7 | 
1934 11,124 17.2 3.5 7.1 1.6 pS 1.4 0.9 0.6 0.9 
1935 47,666 23.2 4.6 6.5 2.9 3.8 1.2 0.9 0.6 2.6 
1936 51,544 24.4 5.2 72 3.1 3.2 1.4 5 | 0.6 2.1 
1937 111,378 23.9 5.4 8.1 3.0 2.4 1.5 11 0.7 1.8 
1938 128,854 22.9 5.5 7.6 2.6 2.6 1.3 1.2 0.7 1.6 
1939 139,859 23.2 5.2 7.6 2.9 2.5 1.5 a2 0.7 1.6 
1940 139,079 22.2 5.2 6.8 2.9 2.3 1.6 0.9 0.7 1.7 
1941 175,088 23.1 5.5 7.3 3.0 2.1 1.8 1.0 0.7 1.6 
1942 166,731 21.7 5.0 7.5 2.8 1.7 1.6 1.0 0.7 1.5 
1943 93,540 19.2 5.3 5.7 2.3 1.5 1.5 1.0 0.5 1.5 
1944 139,188 20.0 4.9 5.9 2.5 1.6 7 | 0.6 1.6 
1945 170,645 23.3 5.5 3 2.9 1.8 2.1 1.2 0.7 2.1 
1946 165,478 21.1 6.1 6.8 2.3 1.4 2.1 1.2 0.6 1.6 
1947 223,156 22.3 5.0 7.9 2.4 1.0 2.4 1.2 0.8 1.8 
1948 263,195 22.0 4.6 7.6 2.4 0.9 2.5 a2 0.7 1.8 
1949 301,453 20.6 4.2 73 2.3 0.7 2.4 5 | 0.7 1.8 
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for dairy purposes have been very uniform throughout the period but the trend 
has been somewhat downward, especially after 1945. Dairymen now seem to be 
keeping more of their cows in their own herds. Most of the change in the total 
removal curve results from changes in the numbers culled for low production. 
This curve is a close replica of the former. Losses due to udder troubles, prin- 
cipally mastitis, have been remarkably uniform, though there is a very slight 
tendency to follow the total removal curve. 

The curve for removals for brucellosis reaction has changed markedly. In 
1935, at the time of the slaughter of reactors program it was high, being 3.8 per 
cent; since then it has declined steadily, except for a slight tendency to follow 
the total removal curve. Since 1945, the fall has been sharp and it is now well 
below 1 per cent. This probably is due to the calfhood vaccination program 
for the control of this disease. 

The trend in the sterility curve is alarming. It was 1.2 per cent in 1935 and 
since then it has risen steadily so that by 1948 it had reached a level of 2.5 per 
cent, with a very slight tendency to follow the total removal curve. This rep- 
resents an increase of more than 100 per cent. How much of this is actual and 
how much is due to increased emphasis on sterility as a cause of wastage is prob- 
lematical. The fact remains that as a cause of wastage sterility is now outstrip- 
ping the losses due to udder troubles. 

Deaths, removals for old age and for ‘‘other reasons’’ have been very uniform, 
especially the first two, as might be expected. Tuberculosis removals are in the 
‘other reasons’’ group and they are quite rare since the virtual eradication of 
this disease about the year 1932. 

The effect of age upon culling. Three states have provided information from 
which the effect of age upon culling may be gauged, although certain assumptions 
have to be made to make the data useful for this purpose. Indiana sent data in 
which the cullings were given by 2-yr. intervals to 8 yr. old, then 8 to 11 and 
1l up. The number of cows on test also were given for each age group. New 
York and Kansas provided the numbers of cows culled for each year of age but 
no information on the number of cows on test in the herds. Accordingly, these 
figures were calculated by taking the total number of cows removed and assum- 

‘ing that the average removal percentage for these states applied to the figures 
in question. This seems to be a justifiable procedure. The age structure of the 
average herd then was needed in all three cases so that the total cows on test 
could be distributed among the appropriate age groups. Two sources of infor- 
mation are available, a survey of about 130,000 cows in Iowa cow testing asso- 
ciations by Cannon and Hansen (3), which gives the numbers of each age, and a 
life expectation table by Arnold, et al. (1) based on 978 Florida dairy cows. 
From the latter, the average age structure was calculated. The Iowa data, from 
many more cows than the Florida material, had a somewhat higher proportion of 
cows aged 2 to 3 yr. than the latter, and thus it seemed better to fit the information 
already obtained from our data on the average life span. Accordingly, it was 
used for this study, though culling curves constructed with the two age structures 
showed no significant differences in trends. The percentage of cows removed for 
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each reason then were calculated for each age group. The assumption made was 
that the Iowa distribution was typical for the other states. The results are given 
in table 4, in which each of the reporting states is kept separate. 

In total removals the New York and the Indiana data showed a steady increase 
with age. The Kansas percentage rose to 6 yr., then fell to 9, and in the 9 plus 
group it again rose, a virtual necessity since eventually all cows leave the herds. 
Sales for dairy purposes increased to 6 to 7 yr. in New York, to about the same 
age in Iowa (the exact limit was obscure because of the 2-yr. grouping), while 


TABLE 4 
Effect of age on percentage of cow cullings 


Total Dairy Low Udder 
Age cows Re- pur- pro-_ trou- = Died 


on test movals poses duction bles ee 
(%) (%) (%) (%) (%) (%) (%) (%) (%) 
Indiana data 
2-4 4,885 11.9 3.8 3.4 0.7 1.6 eae oe 1.8 
4-6 2,984 24.3 7.4 7.4 2.6 2.1 3.0 
6-8 1,982 27.4 7.0 9.0 3.9 2.5 | 0.1 3.4 
8-11 1,399 29.5 5.8 8.8 4.4 2.6 ae 0.4 4.9 
11-16 408 32.8 5.4 9.3 3.2 LZ me. ji 4.2 4.9 
Kansas data 
2-3 20,080 12.6 2.6 1.9 0.5 0.2 0.1 0.6 0.0 0.4 
3-4 14,544 15.5 6.7 4.6 11 0.5 0.6 0.9 0.0 0.9 
4-5 11,651 23.1 aa 8.0 2.3 23 1.3 1.3 0.0 1.3 
5-6 9,503 29.2 7.9 9.0 4.0 1.5 1.8 2.9 0.0 2.0 
6-7 8,015 30.1 7.6 9.2 5.2 42 2.4 2.4 0.0 2.1 
7-8 6,032 21.6 5.2 5.6 4.1 0.8 2.2 1.9 0.2 1.6 
8-9 4,710 18.6 3.8 5.2 3.7 0.6 1.8 1.6 0.5 1.5 
9-10 3,057 14.3 3.1 2.7 2.9 0.4 1.2 1.2 1.5 1.3 
10+ 5,041 27.1 4.0 3.2 2.5 0.4 LZ 19 11.2 2.2 
New York data 

2-3 1,294 6.0 1.9 2.2 0.4 0.2 0.2 ee 0.8 
3-4 937 17.2 6.0 5.0 2.2 0.3 1.6 0.5 0.2 1.3 
4-5 751 26.4 7.1 8.3 3.7 0.8 2.0 0.9 0.1 3.5 
5-6 612 35.0 8.3 8.7 6.5 1.0 4.9 1.6 ss 3.9 
6-7 517 34.0 11.0 8.1 4.6 0.8 3.3 |) ee 5.2 
7-8 389 35.2 13.3 5.7 7.2 0.8 5.1 2.1 0.7 2.8 
8-9 304 36.5 10.2 4.9 7.9 0.3 5.9 0.7 1.0 5.6 
9+ 522 46.4 9.0 5.0 8.2 0.2 5.9 1.9 10.9 4.8 


in Kansas the increase ceased at 5 to 6 yr. Culling for low production rose to 
about 6 yr. and then fell off sharply in New York and Kansas, but in Indiana it 
rose to 6 to 8 yr. and then continued at much the same level throughout life. 
Losses through udder trouble rose throughout life in New York and Indiana, 
except for the 11 plus group in the latter state. They reached a peak at 6 yr. in 
Kansas and then fell off sharply. Culling for reaction to brucellosis in New 
York and Kansas ran closely parallel, rising to the 5-yr. group and then falling 
steadily. Indiana percentages rose until the 11 plus group was reached. In 
sterility New York and Indiana cows rose throughout life, but in Kansas a peak 


‘was reached at 6 yr. 
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DISCUSSION 


It is evident that there is considerable variation from year to year in the 
amount of culling from D. H. I. A. herds and that most of this variation is due 
to economic conditions. The price of milk and the cost of cows are major factors, 
and they express themselves mainly in changes in the numbers of cows culled 
for low production. Sales for dairy purposes are remarkably constant, but the 
downward trend of the last few years must mean that dairymen are now raising 
more of their own replacements, a development which is all to the good. Increas- 
ing emphasis has been placed on this by extension specialists and their efforts 
are bearing fruit. 

Culling for udder troubles, abortion and sterility reflect economic trends 
only to a minor degree but striking changes have taken place in the pattern. 
While culling for udder troubles shows little change through the years, the num- 
ber of reactors to brucellosis has dropped in a spectacular fashion. However, 
culling for sterility has risen considerably and it is now the major reason for 
culling after low production. Expenditure of increased amounts of time and 
effort in developing the research and educational programs now under way 
seems justified. 

The main objective is to develop cows that will live longer and thus have a 
longer effective life, but the age trends show that with increasing age more udder 
and sterility troubles are encountered. This hardly is an argument against the 
development of work on the control of these causes of loss; rather it emphasizes 
the need for prevention and early recognition of early stages of these diseases 
and their prompt treatment. More work is needed on the age trend aspect of 
culling since the samples analyzed are comparatively small and, perhaps, not 
representative of the cow population as a whole. 


CONCLUSIONS 


Analysis of D. H. I. A. returns from 17 states shows a loss of 16.8 per cent of 
cows from the dairy industry each year. 

This loss varies from year to year and the main cause of the variation is in 
the number of cows culled for low production. This reflects economic condi- 
tions. Other causes of culling are only slightly influenced by such conditions. 

Culling due to abortion has fallen in a spectacular fashion; that due to ste- 
rility is rising steadily and it is now the major reason for culling after low pro- 
duction. 

Age trends in culling are evident but more work is needed on this aspect of 
the problem before final conclusions are drawn. 


SOURCES AND EXTENT OF MATERIALS USED 


Arizona. Van Sant, W. R., 1948-9. 

Connecticut. Hesseltine, W. R., 1945-9. 

Indiana. Williams, G. A., 1939-49. 

Iowa. Grey, C. G., 1934-45, pooled; F. J. Arnold, 1945-9. 
Kansas. Linn, J. W., 1935-49. 
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Maryland. Senger, M. E., 1934-6. 

Maine. Corbett, R. A., Oct. 1949—March 1950. 

Michigan. Baltzer, A. C., 1932-9; L. A. Johnson, 1941-9. 

Minnesota. Searles, H. R., 1932-42, 44, 47-9. 

Nebraska. Lawritson, M. N., 1946-9. 

New Jersey. Scheidenhelm, E. C., 1947-9. 

New York. Crandall, W. T., 1932, 1935-42, 1944-6. 

Pennsylvania. Gearhart, C. R. 1937-49. 

Texas. Meekma, A. M., 1942-9. 

Virginia. Connelly, R. G., 1949. 

West Virginia. Heebink, G., 1936-45, pooled. 

Wisconsin. Data for 10,000 cows compiled from Seminar Paper by V. Sachse, 17 Jan. 1950. 

Scotland. An Enquiry into the Length of Life of Dairy Cattle. Interim Report prepared by 
the Hannah Dairy Research Institute in association with the Special Committee re- 
sponsible for the Inquiry. n.d., 3 pp. 

England. Investigation into the Causes of Removal of Cows from Dairy Herds, Milk Record- 
ing Years, 1930-1. Berkshire Milk Recording Society’s Year Book, 1933, 6 pp. 

New Zealand. Ward, A. H. (1945). 1939-43. 
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THE RELATIONSHIP OF STAGE OF LACTATION, PASTURAGE AND 
ENVIRONMENTAL TEMPERATURE TO THE DEGREE OF 
UNSATURATION OF COW MILK FAT 


E. E. BARTLEY,? J. H. ZALETEL, E. W. BIRD, C. Y. CANNON, G. H. WISE? anp 
0. KEMPTHORNE 


Many workers (2, 3, 9, 10, 11, 12, 13, 14, 16, 21) have reported an increase in 
milk fat unsaturation when cows are changed from stable feeding to pasture graz- 
ing and a decrease in unsaturation when these feeding practices are reversed. 
These modifications in degree of milk fat unsaturation have been ascribed prin- 
cipally to changes in feed. Hilditch and co-workers (11, 12), however, stated 
that the reduction in oleic acid content of milk fat in winter is due not only to 
dietary influences alone but also to factors such as changes in environmental 
temperature and in activity of the cows. Increases in the iodine value of milk 
fat from cows stanchioned in the barn and fed freshly cut pasture grasses (1) 
indicate that exercise is not a major factor responsible for the increase in milk 
fat unsaturation. 

The influence of climate on the composition of milk fat has received little 
attention experimentally. Hansen and Shaw (8) reported observations indi- 
cating that cold weather and rapid changes of temperature had no influence on 
the iodine value, although temperatures ranged from — 30 to 60° F. Regan and 
Richardson (18) found that when high-producing cows were placed in a psychro- 
metric room in which the temperature was increased by stages from 40 to 100° F., 
while air movement and relative humidity were maintained constant, increases 
occurred in the iodine value only when the temperature was raised above 90° F. 
Frye et al. (6,7) noted that when cows were subjected to environmental tempera- 
tures ranging from daily averages of 48 to 78° F., the temperature was highly 
correlated with the iodine values of the milk fat produced. 

The present study was initiated to determine the relationships of stage of lac- 
tation, pasture grazing and environmental temperature to increases in milk fat 
unsaturation accompanying pasturing of cows. 


EXPERIMENTAL 


Experimental design. The design of the experiment is illustrated in table 1. 
Twelve Holstein cows divided into three equal lots were used. The cows in a 
given lot were approximately the same age and stage of lactation, but the various 
lots represented different freshening periods. The use of cows freshening at dif- 
ferent times of the year was necessary to separate the effects produced by lactation 
from those that might result from temperature. Near the end of the preliminary 

Received for publication Dec. 22, 1950. 

1 Journal Paper no. J-1871 of the Iowa Agricultural Experiment Station, Ames. Project 
no. 1124 Revised. 


2 Present address: Kansas State College, Manhattan. 
8 Present address: N. Carolina State College, Raleigh. 
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period the cows in each lot were paired on the basis of iodine values of their fat, 
number of previous lactations, date of freshening, production and body size. 
The pairs within lots were assigned at random to the positions 1 and 2 (table 1). 
The cows within pairs then were assigned at random to the positions a and b. 

Feeding and management. The terms ‘‘barn,’’ ‘‘dry-lot’’ and ‘‘pasture’’ as 
used in table 1 designate the three conditions of feeding and management to 
which the cows were subjected during the experiment. The barn and the dry-lot 
cows received prairie hay, which was used because of its availability and uni- 
formity, as the only roughage. The pasture cows received no roughage other 
than the forage obtained by grazing. The barn cows had hay before them at all 
times, whereas the dry-lot cows were fed hay at night only. The barn and dry-lot 
cows consumed approximately the same amounts of hay. 

The dry-lot and the pasture cows were transferred from the barn to the dry 
lot or to the pasture at 5 p.m., after the evening milking, and were returned to 
the barn at 3: 30 a.m. for the morning milking. They then were kept in the barn 
from 3:30 a.m. until 5 p.m. The pasture group was grazed at night only and 
the control group was placed in a dry lot during the time the other group was on 
pasture in order to keep temperature effects as nearly alike between the two 
groups as possible. When both groups were kept in the barn during the day, 
no feed except grain was given. 

Throughout the experimental period all cows were fed thrice daily a standard 
concentrate mixture consisting of 200 parts corn, 400 parts oats, 200 parts wheat 
bran, 100 parts soybean oil meal, 200 parts linseed oil meal, 20 parts bone meal 
and 10 parts salt. This mixture was fed in sufficient amounts to supply nutrient 
allowances according to the Morrison standard (17). All animals had free access 
to water. 

Record of observations. The animals were weighed immediately following 
the evening milking on 3 consecutive days each month. The cows were milked 
twice daily- and the milk weights recorded. Fat tests were determined at 
monthly intervals. The health of the cows was observed by the College vet- 
erinarians and detectable changes from normal were recorded. The reproductive 
characteristics of all animals were noted in order to determine the influence of 
such factors as estrus and gestation on the composition of milk fat. Daily records 
of the environmental temperature were kept (temperatures were recorded indoors 
during the hours that the cows were in the barn and outdoors during the hours 
that the cows were outside). Iodine and thiocyanogen values were determined 
on the milk fat from a 24-hr. composite sample collected from each animal once 
every 5 days during the first half of the experiment and once every 7 days 
during the second half. 

Sampling and chemical analyses. Each sample of milk was separated and 
the resulting cream pasteurized at 150° F. for 30 min. The cream was cooled to 
4° C. and churned the following day. The resulting butter was melted and cen- 
trifuged and the clear fat was decanted and filtered at a temperature of 65 to 
70° C. The fat was placed in glass sample jars and stored in a sharp freeze at 
- 10° C. until analyzed. Ordinarily the analyses were completed within 2 wk. 
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Iodine and thiocyanogen values were determined by the method of Rosen- 
mund and Kuhnhenn (19) and by a modification of the method described by 
Jacobs (15, pp. 215-218), respectively. The modifications introduced in the 
latter method were: (a) The sample size used was 0.4 to 0.5 g. (b) All-glass, 
semi-automatic pipettes (protected from atmospheric moisture) with reservoirs 
and with 1-mm. capillary tubing above and below the pipette, were employed in 
measuring the thiocyanogen (and likewise the halogenating) reagent. (¢c) The 
thiocyanogen solution was prepared by the method of Arup (1). (d) The reac- 
tion period employed was 24 hr. in a 25° C. constant temperature box protected 
from light. (e) The reaction flasks were flushed with nitrogen and the stoppers 
sealed with one to two drops of syrupy phosphoric acid. (f) The reaction mix- 
ture plus KI was mechanically agitated for 3 min. by placing it in a clip on a 
circular piece of wood and rocking it with a stirring motor attached to the board 
in the manner of an eccentric. 

The thiocyanogen solution was unstable and developed a yellow color if less 
than 6.0 ml. bromine per liter of acetic acid (bromine solution) were employed. 
A quantity of 6.1 ml. per liter of acetic acid added considerable stability to the 
final reagent. In preparing the reagent, 10 ml. of glacial acetic acid were placed 
in a 25-ml. graduate and bromine was added to bring up the volume to 16.1 ml. 
This solution either was sealed in a glass tube for future use or made to 1 liter 
for reagent preparation. 


RESULTS AND DISCUSSION 


The cows remained in good health and state of flesh with the exception of cow 
2422, which developed mastitis early in the trial. This abnormal animal was 
replaced by a reserve cow, 2553, which had been maintained under experimental 
conditions. 

Though major emphasis is placed on differentiations between effects of tem- 


. perature and of pasture feeds on the properties of milk fat, stage of lactation is 


evidently a contributing factor affecting the composition of fat. Before study- 
ing these factors, the effect of moving the cows from the barn to the dry lot was 
studied in the event that this change in management should affect the composition 
of the milk fat. Three samples of milk were collected at five-day intervals during 
period I. An analysis of variance for the iodine values of the milk fat from the 
barn and the dry-lot cows revealed no differences between the two groups. This 
similarity indicated that the change in management involved by placing the 
cows in a dry lot at night had no measurable effect on the iodine value. There- 
fore, when studying the effects of stage of lactation and of feed, no adjustments 
and corrections were necessary for this factor. 

Effect of stage of lactation of the degree of unsaturation of milk fat. The 
iodine values of the milk fat obtained from the six animals that received only a 
uniform barn ration of prairie hay and grain for the entire trial are presented in 
figure 1-A. Five of the six animals, cow 2754 being the exception, showed high 
iodine values during the early stages of the lactation period followed by a de- 
cline, (ca. 8 iodine units average) to the fourth or fifth month of lactation and 
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Fig. 1-A. Changes in iodine values of milk fat from 6 cows at progressive stages of lac- 


tation and receiving a uniform type of ration (no pasture). 


*2553 replaced 2422. 
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Iodine values of milk fat from 6 cows (paired as shown to cows in Fig. 1-A) during pasture 


(broken line) and non-pasture (solid line) feeding. 
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then a slight increase (ca. 3 iodine units average) to the end of lactation. These 
trends cannot be considered seasonal, inasmuch as they appear irrespective of 
month of freshening (January, March or May). The trends, apparently related 
to the progress of lactation, are, in general, similar to the trends reported by 
Ecekles and Shaw (5). Four of the poorest producers of the 11 animals studied 
by these workers did not show a drop in iodine value during early lactation. The 
observations on cow 2754 (fig. 1-A and table 2) are in accord with the reports 
of Eckles and Shaw for low producers. These authors postulated that the high 
iodine values found during early lactation result from the animal’s utilizing 
body fat for milk fat secretion, since high-producing animals are usually in nega- 
tive nutritive balance at this time. This hypothesis is substantiated partially by 
the fact that the iodine value of milk fat increases during starvation (4, 20). 


TABLE 2 
Gestation and fat production data of each cow used 
Cow Dering expt. 305-day Lactation stage Fat produced 
Lot fat of max. fat month of 
calf production production max. production 
(d.) (d.) (1b.) (mo.) (b.) 
2554 125 213 390 2 58 
2553 41 206 316 2 64 
A 25408 78 210 344 2 51 
2392 109 229 488 2 60 
2771 65 218 329 2 43 
2710 56 227 430 2 64 
B 27544 240 1 39 
2729 74 194 299 2 40 
2566 120 155 353 1 56 
2565 54 221 358 2 53 
Cc 24862 433 2 57 
2426 49 226 431 2 65 


«Indicates cows that received a uniform ration but were not pastured. 

b Removed from experiment due to mastitis. 

The highest iodine values obtained during early lactation occurred at approxi- 
mately the period of maximum fat production (fig. 1-A and table 2). However, 
there appeared to be no correlation between the amourtt of fat or milk produced 
and iodine value except during early lactation when both production and iodine 
value were high. 

It was observed (data not presented) that factors associated with changes in 
milk production of any particular animal did not alter the iodine value of the 
fat produced at that time. For instance, estrus generally caused a decline in 
milk production but did not seem to affect the iodine value of the fat. 

Figure 2-A shows the approximate percentages of oleic and linoleic acids 
(estimated from the iodine and thiocyanogen values of the milk fats (15, p. 218) ) 
in the milk fat from the six cows on a uniform ration. The trends in the per- 
centage of oleic acid for each of the six animals (fig. 2-A) are, in general, similar 
to the iodine value trends for the same animals shown in figure 1-A. 
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The samples from cows 2540, 2422, 2392 (fig. 2-A and 2-B) showed an ex- 
tremely low percentage of oleic acid and an extremely high percentage of linoleic 
acid on March 4, 1948. No explanation has been found for these divergent 
results. It is possible that they were due to errors in analyses. 
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Fie. 2-A. Estimated oleic and linoleic acid values of milk fat from 6 cows at progressive 
stages of lactation and receiving a uniform type of ration (no pasture). * 2553 replaced 
2422. 2-B. Estimated oleic and linoleic acid values of milk fat from 6 cows (paired as 
shown to cows in Fig. 2-A) during pasture and non-pasture feeding. 


The percentage of linoleic acid did not follow the same trends that the iodine 
value and the percentage of oleic acid followed, but appeared to decrease in a 
linear manner during the lactation period. The average drop in the percentage 
of linoleic acid for these six animals (fig. 2-A and B) was from 4.75 per cent 
during the first month of lactation to 3.42 per cent during the tenth month of 
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lactation. A simple linear regression coefficient was computed using the average 
data from the six animals. The value of 7 was found to be significant at the 
2 per cent level. With time as the independent variable, the percentage of 
linoleic acid decreased 0.155 per cent for each additional month of advancing 
lactation. 

Effect of pasturage on the degree of unsaturation of milk fat. Figures 1-A 
and 1-B illustrate the effect of pasture feeding on the iodine value of milk fat. 
The cows in figure 1-A were on a uniform ration of prairie hay and grain for - 
their entire lactations and, therefore, served as controls. The cows in 1-B were 
fed the same ration as the cows in figure 1-A except during the periods indicated 
by dotted lines when they received pasture grass in place of hay. Pasture feed- 
ing, in general, increased the iodine value several units. The effect of the first 
period of pasture grazing is especially noticeable in the case of cows 2392 and 
2554, which had been milking several months previously. The failure of the iodine 
values to increase when cows 2426 and 2566 (fig. 1-B) were first released on 
pasture apparently is due to the fact that these two animals were in the early 
stages of lactation at which time their iodine values already were at a high level. 
Apparently, the consumption of pasture herbage maintained the iodine values at 
a high level and thus prevented the normal lactation decline. The decrease due 
to lactation is evident in the respective corresponding control animals, 2486 and 
2565. The drop in iodine value that resulted when the cows were taken from 
pasture on August 26, 1948, illustrates clearly the effects of pasture feeding. 
The animals were returned to pasture on September 23, 1948. There was a 
marked increase in the iodine value for all animals. The increase was of approxi- 
mately the same magnitude as the decrease when the cows were taken from pas- 
ture the first time. On Noember 4, 1948, the cows were removed from pasture 
the second time. Again, there was a marked decrease in the iodine value of ap- 
proximately the same magnitude as the increase that occurred when the cows 
were placed on pasture the second time. 

Pasture feeding measured during periods in which the effect of lactation pre- 
sumably was at a minimum increased the iodine value an average of approxi- 
mately five iodine units. 

The change resulting from pasture grass is rapid. During the first period of 
pasture feeding in the case of cows 2392, 2554, 2771, and 2729, a significant in- 
crease in iodine value occurred between 5 and 10 days. During the second 
period of pasturing, the maximum increase was reached within 7 days. When 
the animals were removed from pasture, the iodine value dropped rapidly 
to magnitudes that might be considered normal. There was no carryover effect. 

Since the body weights of the cows on pasture were similar to the body 
weights of the dry-lot cows, the high iodine values attending pasturage apparently 
cannot be associated with utilization of body reserves. 

Figure 2-B shows the approximate percentages of oleic and iinoleic acids in 
the milk fat from the six cows receiving pasture, which had, in general, a similar 
effect on the percentage of oleic acid in the milk fat as it had on the iodine value 
(fig. 1-B). Pasture feeding had little, if any, effect on the percentage of linoleic 
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acid. Cows 2392, 2729, 2426 and 2566 showed a slight increase in the percentage 
of linoleic acid soon after they were placed on pasture for the first time. This 
increase did not persist, and was, in general, within the range of normal variations. 
During the second period of pasture feeding, there was no noticeable change in 
the percentage of linoleic acid in the milk fat. The changes in iodine value (fig. 
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1-B) resulting from pasture feeding were, therefore, primarily the result of 
changes in the percent of oleic acid in the fat. 

The effect of environmental temperature on the degree of unsaturation of milk 
fat. Figure 3 shows the relationship between the average daily environmental 
temperature and the iodine values of the milk fat from the six cows that received 
a uniform barn ration for the entire experimental period. No correlation be- 


55 
45 
35 
25) 
46 
| 42 wy 
38 Ww 
34 
COW 2486 CALVED 5-8-48 
COW 2565 CALVED 5-4-48 Vv 
30 


UNSATURATION OF MILK FAT 545 


tween temperature and iodine value is apparent. Definite lactation trends appear 
regardless of seasonal changes in temperature. It is evident from the curves 
that the influence of temperature is considerably less than the factors associated 
with stage of lactation. 

It was considered possible, however, that if trends associated with lactation 
were removed, there might be a correlation between temperature and iodine value. 
To investigate this the data were treated as follows: The iodine values of the 
milk fat samples from the five cows that apparently showed definite lactation 
trends (fig. 1-A) were used. The total lactation of each of these animals was 
divided into three periods: first, the downward trend during early lactation, 
second, the horizontal trend during mid-lactation and, third, the upward trend 
during late lactation. The iodine values obtained during each of these periods 
were plotted against the average daily temperature, recorded the day before 
sampling (data not presented). Since the influence of lactation presumably was 
at a minimum during the second period, any effects of temperature should become 
evident at this stage. However, there appeared to be no relationship between 
temperature and the iodine values of the milk fat in any of the three periods. 

The lactation of each animal was divided into monthly segments and the iodine 
values obtained in each were plotted against the average temperature recorded 
the day before sampling (not shown). Again, no relationship between tempera- 
ture and iodine value was observed. 

Simple statistical methods were tried to test the association between changes 
in iodine value and in oleic acid (from the six animals on a uniform ration) 
with changes in temperature. The temperatures prevailing 1 and 2 days before 
the samples were collected were used. No association was found between tem- 
perature and either iodine value or oleic acid content of the milk fat. Thus, 
changes in temperature in the ranges encountered in this experiment (extremes 
of average daily temperature: 27 to 83° F.) had no detectable effect on degree of 
unsaturation of milk fat. The high correlation between temperature and iodine 
value found by Frye (6,7) apparently resulted from coincidence of lactation and 
temperature trends. A study of the freshening dates of the animals used by 
Frye indicate that this is likely. 

The foregoing data indicate that during the grazing season pasture had a 
primary influence on the degree of unsaturation of milk fat, while changes in 
temperature appear unimportant. In this experiment the average daily tem- 
perature did not exceed 83° F. These data are in agreement with the results of 
Regan and Richardson (18) who indicated that when the average temperature 
was below 90° F., the iodine value of the milk fat was not raised. Unfortunately, 
no average daily temperature above 90° F. was encountered. 


SUMMARY 


A study was conducted to determine the relationship of stage of lactation, 
temperature and feed to increases in milk fat unsaturation attending pasturing 
of lactating cows. 

The data reveal that pasture and stage of lactation have marked effects on 
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the degree of unsaturation of milk fat, while changes in temperature appear to 
have little effect. 

Production of fats with a high iodine value at the peak of milk production 
followed by a decline in the iodine value (ca. 8 iodine units average) to the fourth 
or fifth month of lactation and then a slight increase (ca. 3 iodine units average) 
to the end of lactation appear to be definite lactation trends in the majority of 
animals. These trends appear regardless of seasonal changes in temperature. 
The changes in iodine value were associated largely with changes in the estimated 
oleic acid content of the milk fat. The calculated percentage of linoleic acid de- 
creased slightly in a linear manner during the lactation period. 

Pasture grazing during periods in which the effect of lactation apparently 
was at a minimum increased the iodine value an average of five units. This 
increase was sustained throughout the period (in some instances 3 mo.) when the 
cows were on pasture. When pasture herbage was removed from the diet, the 
iodine value dropped rapidly to levels considered to be normal. Pasture feeding 
had little effect on the estimated linoleic acid content of the milk fat. Changes 
in iodine value were associated largely with changes in the estimated oleic acid 
content of the fat. 
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With the general acceptance and growth of artificial breeding, the problem 
of selecting and obtaining suitable sires has become increasingly difficult. Once a 
sire is added to the group being used by the breeding association, he represents a 
considerable investment and it is desired to receive as much service from him 
as possible. 

Florida workers reported recently (1) that the average life of a bull in arti- 
ficial breeding is 3 yr. and that 56 per cent of all sires are removed because of low 
conception. 

It is desirable, therefore, to determine the effect of advancing age and the 
repeatability of conception rates for single yearly average records. This will 
indicate the probability of a sire with a desirable conception rate continuing in 
service and repeating his previous record year after year. In the case of sires 
with undesirable conception rates, such information may justify early removal, 
thus eliminating costly maintenance of undesirable bulls. It was with this idea 
in mind that this study was initiated. 

No previous reports were found in the literature for repeatability of concep- 
tion rates. Several workers, however, have reported the effect of age as a factor 
influencing breeding efficiency. Bowling reported (2) a gradual decrease in 
breeding efficiency of bulls with advancing age, becoming significant at 6 yr. 
Tanabe (8) and Erb (3) both reported highest conception with 1- and 2-year-old 
bulls and a gradual decline with age thereafter. Hilder (5) agreed closely with 
other workers in the general decline of conception with age, but reported that 
7-yr.-old bulls were an exception in the group of bulls studied. 


EXPERIMENTAL PROCEDURE 


Breeding records for yearly average 60- to 90-day non-returns (conception 
rate) were secured for individual bulls of the Holstein, Jersey and Guernsey 
breeds. These bulls had been used 2 or more full consecutive yr. and were 
owned by 18 artificial insemination associations representing 17 states.’ A total 
of 164 Holstein sires with 467 records (yearly averages), 72 Jersey sires with 
179 records and 117 Guernsey sires with 325 records thus were available for 
study. The bulls ranged from 2 to 13 yr. in age when they were first used. 
The averages for number of yearly records were 2.8, 2.4 and 2.7, for the Holstein, 
Jersey and Guernsey bulls, respectively. An analysis of variance was completed 
for each breed and repeatability was calculated on an intra-stud basis. 

Received for publication Jan. 2, 1951. 


1The authors gratefully acknowledge the help given by managers of the 18 artificial 
breeding associations furnishing data on bulls used in this study. 
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Since the data permitted a study of the effect of age (plus an unknown 
amount of concurrent selection) on conception rate, it was conducted by comput- 
ing the mean conception rate for each age group by breed. The data were then 
combined and a similar procedure was used for all sires without consideration of 
breed. The conception rates then were studied for groups of sires having yearly 
averages available for two or more age groups, e.g., bulls with records as 3, 4 and 
5 yr. of age. 


RESULTS 


Components of variance and repeatability. Analysis of variance was used to 
segregate differences (a) between studs, (b) betwen bulls within studs and (c) 
within bulls. The results secured from this segregation for the Guernsey bulls 
are shown in table 1. Similar analyses for Jerseys and Holsteins were also made. 


TABLE 1 

The influence of bull and stud on conception rate among Guernseys. (Analysis of variance) 

Source a/f S.S. Mean Composition of 

square mean square 

| 13 32,828 2525.2** 
Between sires within studs ..... 103 12,828 124.5** E+kB 
Within sires and studs ................ 208 8,165 39.25 E 


** Significant at 1% level. 
Repeatability (r) = —_ = 0.44 
Where: 
E = variance between (yearly) records of the same bull 


k =computed number of (yearly) records per bull (4) 
B =variance between bulls within the same stud, or 
Mean square between—mean square within 


B= 
k 
Values of E and B for the three breeds were: 
E B 
Jersey 36.9 16.8 
Guernsey 39.2 31.6 
Holstein 28.2 40.1 


The procedure used in deriving an estimate of repeatability (r) also is shown in 
table 1. The analysis of variance for each breed indicated a highly significant 
difference between studs and between bulls within studs. The significant dif- 
ference between sires and studs is in line with usual observations of workers in 
artificial insemination. 

For the individual breeds the repeatability for yearly average conception rate 
was 0.59 for Holstein, 0.45 for Guernseys and 0.31 for Jerseys. These estimates 
are in line with the results of repeatability studies by other workers. For 
example, Tyler and Hyatt (9) reported the repeatability of type ratings as 0.55, 
Seath and Miller (7) of heat tolerance measurements as 0.28 to 0.44 and Lush 
and Arnold (6) for milk and fat production as 0.30 to 0.40. 

The influence that selection has had on these estimates for repeatability is 
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questionable. Only bulls with satisfactory breeding efficiency were included in 
the study. It is usual procedure for artificial breeding associations to use a new 
sire for a short trial period and if his conception rate is low to remove him from 
artificial service. Thus, the bulls whose records were used in this study had 
stayed in service following such selection and had two or more yearly records to 
their credit. The elimination of bulls demonstrating low fertility would prob- 
ably tend to lower the average repeatability found among those remaining. 

Even should this selection for high conception rate influence the probable 
population average for repeatability of dairy bulls, the answer thus secured is 
probably most applicable and useful to managers of artificial breeding associa- 
tions. For example, should a manager find that a Holstein bull has a first-year 
average for 60- to 90-day non-returns that is 10 per cent lower than for all the 
bulls of the Holstein breed in a stud, e. g., 60 per cent as compared to 70 per cent, 


TABLE 2 
The average conception rate (60- to 90-day non-returns) for bulls of different ages 


Age (yr.) Total 
2 3 4 5 6 7 8 9 10 11 12 average 


Holsteins 
gg rate(%) 62 62 61 63 62 63 63 62 61 «62 «6421 62 
No. Of Dulds .ccccccccceon 30 386 34 47 72 70 73 56 35 930 16 499 
Conception rate e (%) 60 54 59 63 60 59 56 57 58 60 60 58 
No. bulls .. 8 4 9 5 325 
ersey 
ro rate sited 60 59 62 62 61 60 61 61 57 54 62 60 
No. of bulls .. : 15 27 22 18 22 24 19 12 8 1 4 178 
All breeds 


Conception rate (%) 61 59 61 62 60 61 61 59 59 60 61 60 
No. of bulls ................. 66 93 90 104 135 135 132 107 69 46 25 1002 


then by using the average repeatability of 0.59 he could estimate that this bull 
would have a non-return rate that would be 59 per cent of 10, or 5.9 per cent 
below the breed average the next year, In this case, the estimate of repeatability 
is being applied to the same type of a selected population that was used in deriv- 
ing the estimate of repeatability. This seems to be a valid application. 

Effect of age. When the data on bulls were sorted into age groups (table 2) 
no uniform trend was found for either improved or lessened conception rate with 
advance in age. 

To study this factor further, the bull data were arranged in table 3 with groups 
of bulls of the same age having yearly averages available for the 3 consecutive 
yr. being used. It should be recalled that the entire group of bulls used averaged 
less than three yearly records per bull; thus, the number with records available 
for this study was less than the total included in table 2. The comparisons as 
shown (table 3) indicate that these bulls which survived the selection apparently 
did not show a general decline in conception rate due to advancing age. 
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Twelve bulls had five consecutive yearly records which were combined in 
table 4. The records were arranged according to year in service. The average 
age of the 12 bulls for first year in artificial service was 4.8 yr. and the range was 
2 to 8 yr., inclusive. Again, as for the other comparisons already made, there 
was no decline in conception rate associated with advancing age. Over a period 
of 5 yr. one would expect to note a significant decline if age was a highly im- 
portant factor. In this comparison the 12 bulls averaged highest in breeding 
efficiency during their third and fifth years of service. For their fifth year in 
service they averaged 9.8 yr. of age, with a range of 7 to 13 yr. 

The results from this study are in contrast with the usual idea and with results 
of other studies (2, 3, 5, 7). In general, it is thought that a sire becomes less 
useful with advancing age, particularly after 6 or 7 yr. of age. Factors that 
may have tended to obscure the decline due to advancing age are the improve- 
ments made in semen extenders and in techniques used in artificial breeding. 


TABLE 4 
Average 60- to 90-day non-returns for 12 bulls used for 5 consecutive yr. in artificial breeding 


Yearly average 


Bull 
Ista 2nd 3rd 4th 5th 
1 61 64 72 68 78 
2 60 58 60 60 71 
3 61 45 54 51 59 
4 60 59 64 57 56 
5 61 67 74 70 69 
6 53 60 58 57 68 
7 64 69 74 67 72 
8 72 70 65 64 68 
9 67 67 69 67 71 
10 68 69 71 69 70 
11 71 70 72 74 72 
12 67 67 74 67 70 

Av. 63.8 63.8 67.3 64.3 68.7 


a Av. age for lst year in artificial service was 4.8 yr. with a range of 2-8 yr. 


Progress thus secured may have been enough to offset a small decline due to age. 
The results secured in this study, therefore, are not to be construed as indicating 
that advancing age does not lower fertility. Rather, it does show that carefully 
selected bulls of high breeding efficiency are found for all ages, from 2 to 13 yr., 
inclusive, and that the effect of 1 to 5 additional years to the ages of these bulls 
was not uniform enough or of enough magnitude to indicate a definite trend. 


SUMMARY 
Yearly average conception rates (60- to 90-day non-returns) for 164 Hol- 
stein, 72 Jersey and 117 Guernsey sires were studied with respect to repeatability 
(r) and effect of age. 
The repeatability of single records of conception rate was found to be 0.59 for 


Holsteins, 0.45 for Guernseys and 0.31 for Jerseys. 
No uniform change in conception rate associated with advancing age was 


found. 


BREEDING EFFICIENCY OF SIRES 553 


The failure to find a significant age trend in the conception rate of bulls at 
ages ranging from 2 to 13 yr. does not necessarily indicate that advancing age 
does not lower fertility. It does indicate, however, that it is possible to select 
bulls with high conception rates at all ages, ranging from 2 to 13 yr., inclusive, 
and that the influence of adding 1 or 2 additional years to the age of such bulls 
was not of sufficient magnitude to measure. This lack of significant change also 
was true over a period of 5 yr. for the 12 bulls which were kept that long. 
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THE SOLAR-ACTIVATED FLAVOR OF HOMOGENIZED MILK. 
I. SUSCEPTIBILITY OF INDIVIDUAL COW’S MILK* 


BERNARD R. WEINSTEIN? anp G. M. TROUT 
Michigan Agricultural Experiment Station, East Lansing 


The development of the solar-activated flavor is one of the major problems 
encountered in the distribution of homogenized milk. This flavor, often re- 
ferred to as ‘‘sunshine,’’ ‘‘burnt,’’ ‘‘burnt feather,’’ ‘‘burnt protein,”’ 
‘*seorched,’’ ‘‘cabbage,’’ ‘‘mushroom’’ and/or even ‘‘medicinal (chemical or 
iodine) ,’’ all of which terms seem to be synonymous, gives rise to consumer com- 
plaints. The phenomenal acceptance of homogenized milk in America during 
the past decade (to the extent that in some plants 100 per cent of the milk is 
homogenized) has increased the possibilities of the occurrence of this defect. 
Hood and White (13) early pointed out that homogenized milk was far more 
susceptible to off-flavors as a result of exposure to daylight than the same milk 
not homogenized. This observation has since been substantiated and/or re- 
ported by many workers (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15). The oceur- 
rence of the solar-activated flavor in homogenized milk exposed to daylight was 
rather disheartening in view of the gratifying discovery by Tracy et al. (16) that 
homogenization retarded or inhibited the development of the copper-induced 
oxidized flavor, a fact later substantiated by numerous other workers. Thus, 
while homogenization retarded the susceptibility of milk to one undesirable 
flavor, it enhanced the development of another off-flavor, if and when certain 
conditions prevailed. 

Many data are found in the literature relative to the factors responsible for 
and associated with the copper-induced oxidized flavor. Recorded data, how- 
ever, relative to those factors associated with the solar-activated flavor of homo- 
genized milk are not extensive. General observations obtained from samples of 
homogenized milk brought to the laboratory seem to indicate that milk varies in 
its susceptibility to the development of the solar-induced activated flavor. Thus, 
it seemed expedient to ascertain the susceptibility of milk from individual cows 
to photochemical changes. To this end the studies reported herein were made. 


PROCEDURE 


Quart samples of morning milk collected from individual cows of the milking 
herds at the Michigan State College dairy and experimental barns were holder- 
pasteurized at 143° F. for 30 min., after which they were homogenized at 2,500 
Ib. per in. in a laboratory model, 25-gal.-per-hour homogenizer. The homogenizer 
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was flush-washed with 0.5 gal. of 150 to 160° F. water after processing each 
sample to prevent any possible intermixing of samples. Following homogeniza- 
tion, the samples were ice-cooled at once to 50° F. Each sample then was divided 
into three lots: Lot 1 served as a control; lot 2 was exposed to clear solar radia- 
tion for 30 min. between the hours of 10 a.m. and 2 p.m. during the first weeks of 
September; and lot 3 was exposed under the same conditions for 60 min. Im- 
mediately after exposure the samples were dark-stored at 40° F. for 48 hr. 
Flavor examinations were made at 24 and 48 hr. by experienced judges who did 
not know the identity of the samples. 


RESULTS AND DISCUSSION 


Susceptibility of individual cow and breed milk to solar activation. The 
susceptibilities of milk from individual cows on pasture to the solar-activated 
flavor are shown in table 1. The results represent three trials on each cow at 
3-day intervals and include milk samples from 9 Ayrshires, 12 Brown Swiss, 10 
Guernseys, 11 Holsteins and 4 Jerseys. Of the 46 cows whose milk was studied, 
14 or 30 per cent were non-susceptible to the production of the solar-activated 
flavor in all trials after homogenization and exposure to solar radiation. The 
correlation between breed and susceptibility of milk from individual cows in re- 
gard to the solar-activated flavor seems slight. Of the milk studied, 36, 33, 23 
and 20 per cent of that from the Holstein, Ayrshire, Brown Swiss and Guernsey 
breeds, respectively, proved non-susceptible to solar activation. Studies on Jer- 
sey milk were limited, since only four Jerseys were in lactation. However, of 
these four two yielded milk susceptible to solar activation. 

From the data obtained, there appears to be no correlation between solar 
activation and the stage of lactation. The results outlined in table 1 show that 
the cows producing non-susceptible milk represented, in general, all stages of 
lactation. 

Milk from the experimental herd of 20 Holsteins that were on dry feed was 
available for investigation also. The results of this phase of the study are given 
in table 2. Milk from cows on dry feed was found to be more susceptible to the 
development of the activated flavor than from cows on pasture. Milk from the 
Holstein breed on pasture, reported above, exhibited a non-susceptible tendency 
to solar activation in 36 per cent of the milks studied; however, all of the milk 
from cows not on pasture feeding showed a susceptibility to solar activation. 

During the course of this study, an off-flavor developed in a few solar-exposed 
samples which was not typical of the true solar-activated flavor. It is noted by 
symbol Z in table 1. This atypical flavor is best described as ‘‘unclean,’’ ‘‘nause- 


ating’’ or of decomposed protein, suggesting that of milk sometimes noted from 
cows having a serious physiological disturbance. This off-flavor had been noted 
previously in samples brought to the laboratory for flavor examination, but here- 
tofore had not been associated with solar activation. The off-flavor is so distinct 
and different from the easily recognized, true sunshine flavor that no suggestion 
had been forthcoming that it was light induced. It is not improbable that some 
of the off-flavors in milk, such as those encountered in this study and which have 


TABLE 1 


Susceptibility of milk from cows on pasture to solar activation when homogenized, by breeds 


(3 trials) 
Activated flavor* at: 
Stage of 
Gow Fat lactation 24 hr. when exposed for: 48 hr. when exposed for: 
(no.) (%) (me.) —— 
Omin. 30min. 60min. Omin. 30min. 60min. 
Ayrshire 
225 4.7 2 - + ++ = ++ ++ 
228 2.9 2 - + + - + + 
221 3.5 3 - - ~ - - - 
222 3.9 6 - - - - - - 
234 3.7 6 - Z Z - Z Z 
232 4.0 7 - Z Z ~ Z Z 
233 5.6 7 - + + - +H ++ 
230 4.0 11 - + + +++ +++ 
Brown Swiss 
327 4.2 2 - tt +H - +H ++ 
353 4.7 2 - ++ +++ - +++ +4 
359 3.8 2 - +++ ++ 
366 4.3 3 ~ Z Z - Z Z 
331 3.8 4 - ++ ++ - ++ ++ 
335 3.9 5 - - - - ~ 
351 3.4 6 - ++ + - ++ ++ 
365 3.8 7 - ++ + - +H ++ 
350 3.9 8 + + + 
324 5.3 9 - - - 
302 3.2 10 - - 
360 3.8 12 - . + - +H H+ 
Guernsey 
68 5.0 1 - ++ ++ = +++ ++ 
80 4.7 1 - +H ++ - ++ ++ 
67 3.9 2 - + + - ++ + 
46 5.1 3 - + +H - ++ + 
73 4.1 6 Z Z Z Z 
75 4.7 8 - + - - + ~ 
71 4.3 9 - + oa - + + 
72 4.0 9 - ++ + 
76 3.6 9 - - = 
70 6.2 10 ~ - 
Holstein 
525 3.9 1 - - ~ 
466 3.7 2 - +H - +H+ + 
492 5.9 2 - ++ +H - + ++ 
503 3.8 2 - ++ ++ - ++ ++ 
522 3.5 2 - ~ ~ - - ~ 
295 4.3 3 - - - - - - 
451 4.1 3 - + + - + + 
459 3.4 3 ~ +4 + + + 
517 3.9 6 - ++ + ~- ++ + 
446 3.8 7 - ~ 
467 2.9 8 ++ + ++ 
Jersey 
176 5.5 1 ~ + + - ae +H 
192 5.1 2 - - ~ ~ - 
184 4.6 3 - ++ ++ - ++ ++ 
172 5.8 6 - - - 
* Key — No activated flavor 


+Slight activated flavor 
++ Distinct activated flavor 
+++ Pronounced activated flavor 
Z Peculiar, unclean, nauseating flavor 
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heretofore given rise to consumer complaints, are induced by exposure to day- 
light. 

Influence of time of exposure and period of storage on solar activation. A 
30-min. exposure to solar radiation in most cases resulted in a flavor development 
as pronounced as that after a 60-min. exposure. From the data obtained and 
presented in tables 1 and 2, the intensity of flavor development beyond 24-hr. 
storage appeared to be very slight, although some inconsistencies were noted. 
This would seem to indicate that the maximum flavor development is reached 
within the first 24 hr. after exposure. 


TABLE 2 


Susceptibility of milk from cows not on pasture to solar activation when homogenized (Holstein 
breed) (2 trials) 


Activated flavor* at: 


Stage of 
ag Ret lactation 24 hr. when exposed for: 48 hr. when exposed for: 
(no.) (%) 


Omin. 30min. 60min. Omin. 30min. 60min. 


21 days - 
Metallic 


A55 
A73 
A80 
A60 
A62 
A66 
A72 
A76 

461 
A26 
A33 
A53 

499 
A27 
A46 
A61 

412 
A42 
A48 
A40 


Metallic 


ttt 


11 


*Key:  -—No activated flavor 
+ Slight activated flavor 
++ Distinet activated flavor 
+++ Pronounced activated flavor 


Relation of percentage fat. There seemed to be no correlation between the 
fat percentage and the susceptibility of the milk to the development of the acti- 
vated flavor (tables 1 and 2). Activated flavors were noted in both low- and 
high-fat milks. 


SUMMARY AND CONCLUSIONS 


Approximately 30 per cent of the milk from individual cows on pasture failed 
to develop a solar-activated flavor following pasteurization, homogenization and 
30- and 60-min. sun exposures. Homogenized milk from all of the cows on dry 
feed was susceptible to solar activation. There appears to be no correlation be- 
tween breed, stage of lactation and fat percentage and the susceptibility of milk 


3.2 
3.4 1 - 
3.2 2 
3.0 2 
3.4 2 
3.2 2 
3.4 2 
3.6 2 
3.4 3 
3.5 4 
3.0 4 
3.7 5 
3.3 6 
3.5 6 
3.5 7 
3.8 8 
3.7 9 

; 3.9 9 
3.8 
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to develop this off-flavor. Milk from some cows on summer pasture, upon 
pasteurization, homogenization and exposure to sun, yielded a nauseating flavor 
distinctly unlike the true activated flavor. 


(1) 
(2) 


(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 


(16) 
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THE SOLAR-ACTIVATED FLAVOR OF HOMOGENIZED MILK. II. THE 
ROLE OF OXIDATION AND THE EFFECTIVENESS OF 
CERTAIN TREATMENTS 


BERNARD R. WEINSTEIN? anp G. M. TROUT 
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Some confusion and disagreement among workers still exist over the identity 
of the true solar-activated flavor of homogenized milk and the characteristics 
which enable one to distinguish this flavor from the copper-induced oxidized 
flavor of non-homogenized milk (6). The copper-induced oxidized flavor of non- 
homogenized milk seems to be associated with the fatty constituents of milk (5), 
whereas, the light-induced ‘‘burnt’’ flavor of homogenized milk seems to be as- 
sociated with the proteins of milk (7). 

Accordingly, it is to be expected that control procedures for inhibiting the 
oxidized flavor of non-homogenized milk might have been thought erroneously to 
apply to the prevention and control of the solar-activated flavor of homogenized 
milk as well. There are voluminous data in the literature bearing on the former, 
but data pertaining specifically to the solar-activated flavor are limited. With 
the possible exception of using brown glass bottles (4), there seems to be no easy 
or practical method for preventing the solar-activated flavor other than keeping 
the milk out of light. 

The data reported herein resulted from studies attempting to ascertain the 
role of oxidation and the inhibitory effects of certain antioxidants on the solar- 
activated flavor of homogenized milk. 


PROCEDURE 


The mixed milk used throughout these studies was obtained from the Michigan 
State College herd and was pasteurized at 143° F. for 30 min. after which it was 
homogenized at 2,500 Ib. per inch in a laboratory model, 25-gal.-per-hour homo- 
genizer. Antioxidants used and/or antioxidative treatments included: (a) as- 
corbic acid, (b) nordihydroguaiaretic acid, (¢) alpha tocopherol, (d) hydroqui- 
none, (e) hydrogen peroxide, (f) high-temperature heat treatment and (g) cys- 
teine hydrochloride. The antioxidants were added to the milk following homo- 
genization. The samples then were exposed to 30-, 60- and 120-min. intervals, 
after which they were stored at 40° F. for 48 hr. Organoleptic determinations 
for flavor were made at 24- and 48-hr. storage, The nitroprusside test used in 
these studies was carried out in accordance with the method of Josephson and 
Doan (2). 
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RESULTS AND DISCUSSION 


Ascorbic acid. The results obtained from 10 trials on the effect of various 
levels of ascorbie acid in preventing the solar-activated flavor in homogenized 
milk are shown in table 1. The organoleptic determinations for flavor made 
after 24 hr. are not included in the table because the flavor determinations at 
48-hr. storage were representative of the results obtained at 24-hr. storage. In 
general, ascorbic acid at the concentrations used had no preventive effect on the 
solar-activated flavor. The reaction for the oxidation of ascorbic acid by solar 


TABLE 1 


Influence of certain treatments on the development of the solar-activated flavor in 
homogenized milk 


Flavor* after 60-min. 


Concentration exposure and 48-hr. 
Treatment storage 
(Average 10 trials) 
(mg./liter) 

Ascorbic acid ... pose 35 to 200 + 
NDGA vie 0 + 
12.5 + 
25 - 

75 Bitter 
NDGA +35 mg./liter ascorbie acid .................... 0 + 
12.5 
25 + 
75 - 
50 + 
Hydroquinone 0 + 
5 
alpha Tocopherol + hydroquinone 50 and 5 
176° F.—5 min. 0 + 
176° min. + Ascorbic 25 

176° F.—5 min.+aseorbie acid 

+ riboflavin 25 and 2 


* Key: —no activated flavor 
? questionable activated flavor 
+ activated flavor 


radiation appears to occur in-such a manner as to accelerate the oxidation of the 
milk constituent responsible for the solar-activated flavor. This mode of action 
seems to be in direct contrast to the mechanism which was postulated for the 
copper-induced oxidized flavor, in which ascorbic acid retards or prevents the 
oxidized flavor development by being oxidized preferentially by the copper 
present. 

Nordihydroguaiaretic acid (NDGA). Since ascorbic acid exhibits a syner- 
gistic rather than a true antioxidative action, a series of trials were conducted 
to determine the action of NDGA, a true antioxidant, both with and without 
added ascorbic acid on solar radiation. The results obtained in ten trials on 
the protective action of NDGA toward solar activation are summarized in table 1. 
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The addition of 25 mg. per liter of NDGA were sufficient to prevent the develop- 
ment of the solar-activated flavor after 30- and 60-min. exposures and in eight 
of the ten trials, after a 120-min. exposure. Addition of 12.5 mg. per liter of 
NDGA exhibited a protective action in seven of the 10 trials after a 30-min. ex- 
posure, but had no protective action after 60- and 120-min. exposures to solar 
radiation. The addition of 75 mg. per liter of NDGA produced a bitter taste in 
the milk in all trials and exposures. 

Nordthydroguataretic acid in combination with ascorbic acid. Since ascorbic 
acid is a synergist capable of donating its hydrogen ions to regenerate an anti- 
oxidant, a series of trials were conducted to study the effect of NDGA in com- 
bination with ascorbic acid. The results obtained in ten trials on the inhibitory 
action of NDGA and ascorbic acid in eombination are given in table 1. These 
results demonstrate that when NDGA is added in combination with ascorbic acid, 
the threshold level of NDGA of 25 mg. per liter must be increased to secure pro- 
tective action against the solar-activated flavor. In these trials, 75 mg. per liter 
of NDGA in the presence of 35 mg. per liter of ascorbic acid, protected the 
milk against solar activation. This quantity is three times the threshold value of 
NDGA at all exposure times. The bitter flavor noted when 75 mg. per liter of 
NDGA alone were added did not appear when 35 mg. per liter of ascorbic acid 
were used in combination. 

alpha-Tocopherol and hydroquinone. These have long been accepted as anti- 
oxidants in the food industry. Since the solar-activated flavor of homogenized 
milk appears oxidative in nature, knowledge of the specific inhibitory effect of 
these antioxidants seemed desirable. The results obtained in ten trials on the 
protective action of alpha tocopherol and hydroquinone are given in table 1. In 
general, hydroquinone in concentration of 5 mg. per liter was more effective in 
preventing the solar-activated flavor than was alpha tocopherol at 50 mg. per 
liter. However, complete retardation of the solar-activated flavor was not exhib- 
ited when alpha tocopherol and hydroquinone were added in combination; also, 
no beneficial action not shown by hydroquinone itself was exhibited. 

Hydrogen peroxide. This was added to milk prior to pasteurization and 
homogenization at the rate of 0.028 ml. of 30 per cent H.O, to oxidize the nat- 
urally occurring vitamin C. Ascorbic acid determinations were made 30 min. 
after the addition of the HO, to check the completeness of this oxidation. 

The results, comprising seven trials, of the effect of adding H,O, on the solar- 
activated flavor are presented in table 2. The data show that 0.028 ml. of 30 
per cent H,O, prevented the solar-activated flavor in all trials at 30- and at 
60-min. exposures. However, the milk thus treated and exposed developed an 
old milk-powder or rubber-like flavor. When 25 mg. per liter of ascorbic acid 
were added after the H.O,. treated milk was pasteurized and homogenized, the 
solar-activated flavor developed in five of the seven trials at 60-min. exposure. 
The addition of 2 mg. per liter of riboflavin together with 25 mg. per liter of 
ascorbic acid to the hydrogen peroxide-treated milk intensified the solar-activated 
flavor further. In this respect, Reed (4) reported as follows: 
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‘Riboflavin absorbs light of the visible portion of the spectrum, and this 
light promotes the oxidative breakdown of riboflavin aud of other reducing sub- 
stances, such as ascorbic acid. Light of 436 millimicrons wave-length accelerates 
this oxidation in the presence of riboflavin. The most rapid oxidation takes 
place at pH 6.5 which is approximately the pH of fresh milk.’’ 

High-temperature heat treatment. Gould and Sommer (1) reported that the 
production of reducing substances in milk at high temperatures is capable of pre- 
venting the copper-induced oxidized flavor. To acquire information on the effect 
of heating at 170° F. for 5 min. in preventing the solar-activated flavor of homo- 
genized milk, a series of trials was conducted. The results, representing ten 
trials, are given in table 1. Strikingly, the pronounced typical cooked odor found 
in milk after heating to 176° F. for 5 min. was noticeably lacking after 60-min. 


TABLE 2 


The effect of treating homogenized milk with hydrogen peroxide and the subsequent addition of 
ascorbic acid and riboflavin on the development of the solar-activated flavor 


Activated flavor* at 24 hr. in trial 


Series Treatment Exposure 
2 3 4 5 6 7 
(no.) (min.) 

I Addition of 0.028 ml. of 30% H,0, 0 - - - - - - 
per liter to milk prior to pasteuriza- 30 

II Addition of 25 mg./l. ascorbic acid 0 - - 
to peroxide-treated milk 30 + + 

60 + +s t+ + + + + 

III Addition of 25 mg./l. aseorbie acid 0 - - 
and 2 mg./l. riboflavin to peroxide- 30 + +H + + + + + 
treated milk 60 H+ H+ tH 

*Key: activated flavor 


? questionable activated flavor 
* powder-milk or rubber-like flavor 
+slight activated flavor 
++ distinct activated flavor 
+++ pronounced activated flavor 
exposure to solar radiation. After 24-hr. storage, the cooked flavor was replaced 
by the activated flavor, showing that the reducing compounds were not present 
in sufficient quantities to inhibit the solar activation or they were readily oxi- 
dized. Thus, the protective action of the high-temperature treatment against 
copper-induced oxidized flavor of non-homogenized milk was not exhibited when 
homogenized milk was similarly treated and exposed to solar radiation. The 
addition of 25 mg. per liter of ascorbic acid did not alter these results materially. 
On the other hand, the addition of both ascorbic acid and riboflavin increased 
the degree of the solar-activated flavor. These results would seem to indicate 
that the reducing substances produced by high-temperature heat treatment re- 
sulting in the cooked flavor are oxidized quite rapidly by solar radiation. 
Cysteine hydrochloride. Since the cooked flavor in high heat-treated homo- 
genized milk was dissipated after exposure to solar radiation, a study was con- 
ducted to see if, in the absence of the cooked flavor dissipated by solar radiation, 
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a nitroprusside test would yield more exacting information. To this end the 
cooked flavor in milk was produced by the addition of from 20 to 40 mg. per 
liter of cysteine hydrochloride. The results representing three trials are pre- 
sented in table 3. Here it is shown clearly that all the samples gave a positive 
nitroprusside test before exposure while after 30-, 60- and 120-min. exposures a 
positive test could not be obtained. This would seem to substantiate the obser- 
vations that the cooked flavor components are oxidized by solar radiation. 


TABLE 3 


The effect of solar radiation on the sulfhydryl group of cysteine hydrochloride as measured by 
the nitroprusside test and organoleptic flavor determinations 


Activated* flavor when cysteine HCl 


(mg./liter) is added to homogenized a 
Trial Exposure 
Before After 
20 40 exposure exposure 
(no.) (min.) 
1 0 cooked cooked + 
60 + + 
120 + + 
9 0 cooked cooked + 
30 + 
120 + + 
3 0 cooked cooked + 
30 


* Key: —no activated flavor 
# questionable activated flavor 
+ activated flavor 

R Key: — negative nitroprusside test 
+ positive nitroprusside test 


SUMMARY 


The results indicate that development of solar-activated flavor in homogenized 
milk probably is an oxidative process. Addition of ascorbic acid had no pre- 
ventive effect on development of the solar-activated flavor of homogenized milk. 

The addition of 25 mg. per liter of nordihydroguaiaretic acid alone, or 75 mg. 
per liter in combination with ascorbic acid, prevented the activated-flavor de- 
velopment in homogenized milk after 60-min. exposures to solar radiation. 

Alpha tocopherol and hydroquinone added separately or in combination did 
not offer complete protection to homogenized milk against the off-flavor develop- 
ment. 

Homogenized milk treated with hydrogen peroxide to destroy the naturally 
occurring ascorbic acid rapidly, prior to pasteurization and homogenization, did 
not develop a typical solar-activated flavor when exposed to solar radiation. 

The development of the solar-activated flavor was not retarded or prevented 
by high-temperature (176° F. for 5 min.) heat treatment. ; 
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The typical cooked odor noted in adequately heat-treated homogenized milk 
was dissipated after a 60-min. exposure to solar radiation. When the cooked flavor 
was produced by the addition of cysteine hydrochloride and the milk then ex- 
posed to solar radiation for various periods of time, oxidation of the sulfhydryl 
group of the cysteine hydrochloride was indicated by a negative nitroprusside test. 
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THE SOLAR-ACTIVATED FLAVOR OF HOMOGENIZED MILK. III. 
EFFECT OF DEAERATION, SURFACE AREA OF FAT GLOBULES 
AND RELATION OF THE KREIS TEST* 


BERNARD R. WEINSTEIN? anp G. M. TROUT 
Michigan Agricultural Experiment Station, East Lansing 


Many data are to be found on the inhibitory effect of deaeration on the copper- 
induced oxidized flavor in non-homogenized milk. However, no data were noted 
in the literature on the effect of deaeration on the solar-activated flavor in homo- 
genized milk. Dahle and Palmer (1) first showed that deaeration would prevent 
the development of the oxidized flavor in non-homogenized milk. This observa- 
tion has since been confirmed by many workers. Previous studies by Weinstein 
and Trout (4) have indicated that the development of the solar-activated flavor 
in homogenized milk probably was oxidative in character. The study reported 
herein was conducted in an attempt to determine (a) the nature of the reaction 
‘giving rise to the solar-activated flavor, (b) the possible effect of surface on the 
development of the solar-activated flavor and (c) the possible classification of 
the constituent affected when a solar-activated flavor develops in homogenized 
milk. 


PROCEDURE 


The milk used in these studies was obtained from the milking herd of Michi- 
gan State College and/or from the Michigan State College Creamery. This milk 
was holder-pasteurized at 143° F. for 30 min., after which it was homogenized at 
2,500 lb. per sq. inch in a laboratory model, 25-gal.-per-hour homogenizer. In 
the deaeration studies, the ice-cooled, 50° F. milk was divided into three lots: 
Lot I was used as a control; lot II was not deaerated but was exposed to solar 
radiation for 1 hr., then stored at 40° F. for 48 hr.; and lot III was deaerated 
in a 500-ml. flask under a vacuum of 29 inches as obtained by means of a water 
pump, then similarly exposed and stored. 

The milk used in the surface area studies was mixed, pasteurized non-homo- 
genized milk obtained from the College Creamery. The milk was divided into 
three lots: Lot I served as a control, lot II was exposed to the sun for 60 min., 
while lot III was similarly exposed then homogenized after exposure at 2,500 lb. 
pressure. All samples were stored at 40° F. for 24 hr. and then examined for 
the activated flavor. 

The homogenized milk used in the Kreis test was divided into six lots: Lot I 
served as a control; lot II was exposed to solar radiation; lots III and IV were 
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treated with 35 and 50 mg. per liter of ascorbic acid, respectively ; while lots V 
and VI were treated with 12.5 and 25 mg. per liter of nordihydroguaiaretie acid 
(NDGA), respectively. The milks to be exposed to solar radiation were further 
divided into three lots which were exposed for 30, 60 and 120 min., respectively. 
After 24-hr. storage at 40° F., the samples were examined organoleptically for 
the off-flavor and chemically, using the Kreis test, to note oxidation. 


RESULTS 


Deaeration. The results, representing five trials, obtained on the effect of 
deaeration on the solar-activated flavor in homogenized milk are shown in table 1. 


TABLE 1 
The effect of deaeration on the development of the solar-activated flavor in homogenized milk 


Activated flavor* at: 


Lot - Treatment of milk Trial 
24 hr. 48 hr. 
(no.) (no.) 
I Control—not deaerated nor exposed : - - 
3 
4 
5 
II Not deaerated—exposed to solar radi- 1 ht HH 
ation for 60 min. 2 tt +++ 
3 ++ +++ 
4 +++ 
5 +++ +++ 
III Deaerated and exposed to solar radi- 1 - - 
ation for 60 min. 2 = - 
3 
4 
5 
IV Deaerated and exposed to solar radi- 1 +H ++ 
ation for 60 min. then treated so as 2 +H ++ 
to incorporate air and reexposed for 60 3 +++ ++ 
min, 4 
5 +++ +++ 


*Key: activated flavor 
++ distinct activated flavor 
+++ pronounced activated flavor 
The data show that the solar-activated flavor did not develop when the milk 
was deaerated and then exposed to solar radiation. When air was incorporated 
into the deaerated and exposed milk, which then was reexposed to solar radia- 
tion for 60 min., the milk developed the typical solar-activated flavor. The ex- 
posed milk not deaerated exhibited the typical solar-activated flavor, while that 
serving as a control was indistinguishable from that deaerated and exposed. 
These results substantiate previous observations made by Weinstein and Trout 
(4) that the development of the solar-activated flavor in homogenized milk results 
from an oxidative process. 
Increase in surface area of the fat globules. Although many observations 
have been made showing a greater intensity of activated flavor development in 
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homogenized than in non-homogenized milk similarly exposed to daylight, no 
data were noted showing the potential activated flavor development of exposed 
milk when the surface area of the fat globules was increased by homogenization 
subsequent to exposure. Such a study would indicate whether or not the surface 
area of the fat globules was a factor in the development of the off-flavor. 

The results, representing five trials, are presented in table 2. The data show 
that the non-homogenized milk exposed to the sun (lot II) did not develop an acti- 
vated flavor in two of the five trials and only a slight off-flavor in the remaining 
three. On the other hand, portions of the same milk homogenized immediately 
following exposure (lot III), and then stored, developed a very strong activated 


TABLE 2 


The effect of surface area of the fat globule as influenced by homogenization, on the develop- 
ment of the solar-activated flavor 


Activated flavor* at: 
Lot Treatment of milk Trial 
24 hr. 
(no.) (no.) 
1 Control—not exposed = 
2 - 
3 -~ 
4 - 
5 - 
2 Exposed to solar radiation for 60 min.—not 1 - 
homogenized (Normal surface area) 2 + 
3 + 
4 - 
5 + 
3 Exposed to solar radiation for 60 min. and then 1 +++ 
homogenized (Increased surface area after expo- 2 +++ 
sure) 3 + 
4 +++ 
5 
*Key: -no activated flavor 


+slight activated flavor 
++ distinct activated flavor 
+++ pronounced activated flavor 


flavor in all five trials. These results seem to indicate that total surface area of 
the fat globules may be an important factor in the development of the solar-acti- 
vated flavor. 

Relation of the Kreis test. Since the solar-activated flavor has been shown 
to be oxidative in nature, a clue in regard to the constituent oxidized was sought 
by the use of the Kreis test. The chief phospholipid of milk, lecithin, is postu- 
lated to be the constituent oxidized when the copper-induced oxidized flavor de- 
velops, and further, the milk fat itself becomes oxidized during this process, fol- 
lowing its induction period. The Kreis test denotes oxidative rancidity with the 
formation of color due to the presence of epihydrin aldehyde. Although the 
absence of color formation in itself is not definite proof of the absence of oxida- 
tive rancidity, the Kreis test remains a very good presumptive test. To this end 
studies were made. 
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The results obtained on the reijation of the Kreis test to the development of the 
solar-activated flavor in homogenized milk showed that a positive Kreis test did 
not develop in any milk not exposed to solar radiation. A comparison of the 
flavor with the Kreis test seemed to indicate a correlation between a positive or- 
ganoleptic taste sensation and a positive Kreis test. However, a positive Kreis 
test was not obtained in all cases following homogenization and exposure. The 
failure of the Kreis Test to correspond with a positive solar-activated flavor in all 
cases does not, of course, preclude the possibility of a ‘‘lipid-fraction’’ oxidation, 
but it does leave the way clear for further studies on the isolation and characteri- 
zation of the constituent affected when a solar-activated flavor develops. 


DISCUSSION 


The results reported herein on the development of the solar-activated flavor 
in homogenized milk show that the off-flavor development is oxidative in nature 
and that total surface area of the fat globules appears to be an important factor in 
accentuating the intensity of the activated flavor development. The Kreis test for 
_ oxidative rancidity did not in all cases confirm a lipid fraction as the constituent 
oxidized by solar radiation, giving rise to the activated flavor development. This 
reaction, however, did not definitely preclude the possibility that a lipid fraction 
was involved in the oxidation. Since non-homogenized milk does not develop the 
solar-activated flavor to the same intensity in a given time as does homogenized 
milk and since the lipid fraction has not been shown definitely to be the con- 
stituent affected, the key to the development of the activated flavor may be found 
in the selective rearrangement of the fat globule membrane following homogeniza- 
tion. The constituent affected may be a protein constituent adsorbed on the fat 
globule (2). Since homogenization gives rise to increased protein adsorption on 
the fat globule, this possible selective protein adsorption on the increased fat sur- 
face may explain the marked increase in the intensity of the solar-activated flavor 
in the milk that was homogenized following exposure. However, it must not be 
overlooked that the affected constituent may conceivably be one or more fractions 
of which one may be a serum component. Therefore, the increased surface area 
of the fat globules resulting from homogenization would tend to bring the in- 
volved components into better juxtaposition for the acceleration of the oxidative 
process. 


SUMMARY AND CONCLUSIONS 


Deaeration studies on homogenized milk indicate that the development of the 
solar-activated flavor results from an oxidative process. 

Increasing the surface area of the fat globules of milk by homogenization 
subsequent to exposure accentuates the development of the solar-activated flavor 
and indicates that the surface area of the fat globules is a factor in the develop- 
ment of the off-flavor. 

A definite correlation between a positive organoleptic taste sensation of the 
solar-activated flavor in homogenized milk and a positive Kreis reaction was not 
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obtained in all cases. The identity of the constituent affected when the solar- 
activated flavor develops in homogenized milk was not established. 
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THE SOLAR-ACTIVATED FLAVOR OF HOMOGENIZED MILK. 
IV. ISOLATION AND CHARACTERIZATION OF A WHEY 
CONSTITUENT CAPABLE OF PRODUCING THE 
SOLAR-ACTIVATED FLAVOR’ 


BERNARD R. WEINSTEIN,? C. W. DUNCAN anp G. M. TROUT 


Departments of Dairy and Agricultural Chemistry, Michigan Agricultural Experiment Station, 
East Lansing 


The isolation and characterization of the photochemical constituent involved 
in the development of the solar-activated flavor in homogenized milk has not been 
established. Doan and Myers (4) believed that the burnt flavor ascribed to solar 
radiation originated in the casein- and albumin-free serum of milk. Flake et al. 
(5) developed a method for isolating and concentrating the highly volatile liquid 
that they thought was responsible for the typical activated flavor in milk. 
Keeney (7) was able to induce the activated flavor in milk serum freed of casein, 
albumin and globulin. He succeeded in concentrating a heat-flocculable, dialyz- 
able substance which was believed to be one of the components responsible for 
the activated flavor common to homogenized milk. Weinstein and Trout (17), 
using the Kreis test, concluded that the activated constituent probably was not 
lipid in nature. They also found that homogenization accentuated the develop- 
ment of the off-flavor by increasing the surface area of the fat globules.’ 

Aschaffenburg (1) isolated a compound which he designated as sigma-pro- 
teose. This compound was isolated while studying the surface activity of milk 
proteins. It constituted a residual portion of the milk serum after the casein, 
lactalbumin and lactoglobulin had been removed and exhibited marked surface 
activity. The extremely high surface activity of Aschaffenburg’s (1) sigma-pro- 
teose together with our (17) previous observation on the relationship between the 
total surface area of the fat globules and the rapid development of the activated 
flavor in homogenized milk stimulated this study. 


EXPERIMENTAL PROCEDURE 


The isolation procedure of Aschaffenburg (1) was modified to meet the ex- 
perimental problems encountered in this study. One gal. of freshly separated 
skimmilk was rennet-coagulated at 26.7° C. The coagulum was cut into 0.5-in. 
cubes and heated to 50° C. to expel the whey. The whey was separated by 
vacuum filtration, transferred to a 4-1]. beaker and heated to 95° C. for 1 hr. to 
remove the heat-coagulable proteins. A mechanical stirrer was employed during 
the heating process to insure uniform heat distribution. Following the heat 
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treatment, the mixture was filtered through a milk filter cloth and the resulting 
serum was clarified by centrifugation at 50,000 r.p.m. for 15 min. in a Sharpless 
steam-turbine supercentrifuge. The centrifuged serum was crystal-clear and 
was assumed to be free of the heat-coagulable proteins. The clarified serum was 
treated with 34.5 g. of C. P. (NH,)2 SO, per 100 ml. of serum. After standing 
for 3 hr., the precipitate was separated by centrifugation at 2,000 r.p.m. for 30 
min. The resulting precipitate was washed in about one-fourth of its volume of 
distilled water and again re-separated by centrifugation. The washed precipi- 
tate was dispersed again-in a small volume of distilled water, transferred to a 
cellophane dialyzing bag and dialyzed for 24 hr. against running tap water and 
then for an additional 24 hr. against slow-dripping distilled water. The non- 
dialyzable fraction was removed and dried from the frozen state under a high 
vacuum. The weight of the freeze-dried sample was 3.768 g. The yield was 0.10 
per cent. 

Approximately 200 mg. of the freeze-dried material was dispersed in 400 ml. 
of distilled water and divided into two lots. Lot I was not exposed to solar 
radiation but Lot II was exposed for 1 hr. Both of the samples were stored for 
24 hr. at 40° F., after which time they were examined organoleptically for the 
activated flavor. 

Standard microchemical methods were used to determine carbon, hydrogen, 
nitrogen, phosphorus, sulfur and ash in the anhydrous sample. The factor of 
6.38 was used to convert nitrogen to protein. 

Amino acid determinations were carried ovt microbiologically by using Lac- 
tobacillus arabinosis, Streptococcus faecalis and Leuconostoc mesenteroides P-60. 
The media used in the various determinations were essentially the same as those 
described by Sauberlich and Baumann (12) with the exception of those used for 
isoleucine and methionine, which were prepared according to the method of 
Kuiken et al. (8) and Lyman et al. (9), respectively. The hydrolyzates for the 
determination of arginine, cystine, glutamic acid, histidine, isoleucine, leucine, 
lysine, methionine, phenylalanine, threonine and valine were prepared according 
to the method of Stokes et al. (15). One g. of the material was dispersed in 
25 ml. of 6N HCl and autoclaved for 8 hr. at 15 lb. pressure. Modifications of 
the enzymatic digestion procedure of Wooley and Sebrell (18) were used for the 
tryptophan assay. One g. of the material was weighed into a 100-ml. volu- 
metric flask, 20 mg. of pepsin and 40 ml. of 0.1N H.SO, were added and the 
flasks incubated at 37° C. for 24 hr. with constant shaking. The contents of the 
flasks then were transferred to 100-ml. beakers, 3.0 g. of K,HPO, were added to 
each beaker and the pH adjusted to 8.4 with 3N NaOH. The solutions were 
transferred to 100-ml. volumetric flasks and 20 mg. of trypsin were added and 
allowed to incubate at 40° C. for 24 hr. with constant shaking. 

pu-Configurations of isoleucine, leucine, methionine, phenylalanine, threonine 
and valine were used in the preparation of standards for these amino acids, 
whereas, the L-configurations were used for the preparation of the standards for 
arginine, cystine, glutamic acid, histidine, lysine and tryptophan. In all cases 
the assays were run after the proper dilutions had been made. 
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RESULTS 


The results obtained from the solar radiation of aquasols prepared from five 
different isolations of the freeze-dried powder (hereafter referred to as a minor- 
protein fraction) showed that the aquasols were readily photosensitized to impart 
the typical solar-activated flavor which is characteristic of homogenized milk 
treated in the same manner. The unexposed aquasols failed to develop the acti- 
vated flavor. ; 

Characterization of the compound. The lyophilized minor-protein fraction 
is a very light, fluffy, white crystalline powder having a distinct sheen. Its 
crystalline appearance may have resulted from the method of drying. It has a 
bland taste and is devoid of odor. The compound has surface-active properties, 
is water dispersible and, in this respect, is similar to Aschaffenburg’s (1) sigma- 
proteose. Aquasols made from the minor-protein fraction have the following 
qualitative characteristics: positive biuret, Millon, xanthroproteic and Molisch 
reactions. The aquasols have an isoelectric zone between pH 4.1-4.3. 

The elementary composition of the anhydrous minor-protein fraction is pre- 
sented in table 1. The carbon, hydrogen, nitrogen, phosphorus, sulfur and ash 


TABLE 1 


Comparison of analytical data of the minor-protein fraction with that of sigma-proteose, casein, 
lactalbumin, B-lactoglobulin, pseudoglobulin and euglobulin 


Minor- Sigma Lact- B-Lacto- Pseudo- Euglob- 


Constituent protein proteose albumin globulin globulin ulin 

fraction (1)a (10) (3) (13) (13) 

(%) (%) (%) (%) (%) (%) (%) 
Cc 44.2 49.85 53.11 52.51 53.39 51.94 53.95 
H 6.35 7.0 7.05 7.10 7.22 6.96 7.12 
N 10.00 13.95 15.65 15.43 15.60 15.29 16.05 
8 1.30 0.72 0.82 1.92 1.60 1.00 1.01 
Ash 6.9 3.2 0.45 > 0.05 
O (diff. ) 30.98 24.60 22.55 23.04 22.19 24.36 21.82 


O: N, ratio > 2:3 > 3:2 >2:1 > 3:1 S82 >2:1 


® Number in parenthesis refers to reference. 


content of Aschaffenburg’s (1) sigma-proteose, and casein (11), lactalbumin 
(10), B-lactoglobulin (3), pseudoglobulin and euglobulin (13) are included for 
comparative purposes. The minor-protein fraction is not identical with sigma- 
proteose, casein or any of the characterized whey proteins. The minor-protein 
fraction contains considerably less carbon and nitrogen and a higher ash content 
than the other milk proteins. The oxygen-to-nitrogen ratio is approximately 
3:1, whereas, the ratio is less than 2:1 in all of the other milk proteins. The 
relatively high sulfur content of this fraction, plus the positive Molisch reaction, 
furnishes evidence to substantiate the postulation of Keeney (7), namely, the 
substituents necessary to develop the activated flavor embrace an aldehyde-sulfur 
reaction. The minor-protein fraction, however, is a different compound from 
that isolated by Aschaffenburg (1), as is indicated by his elementary analysis, 
negative Molisch test and different isoelectric zone (pH 4.5). 
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Amino acid composition of the minor-protein fraction. The analytical results 
obtained from the microbiological analysis of the essential amino acids and eys- 
tine and glutamic acid are given in table 2. The amino acid composition of 
casein, lactalbumin, -lactoglobulin, pseudoglobulin and euglobulin also are in- 
cluded for comparison. The data on the minor-protein fraction show the ana- 
lytical agreement obtained from the analysis of three isolations from different 
mixed milks. All of the values show good agreement, indicating the reproduci- 
bility and homogeneity of separate isolations. 

The minor-protein fraction differs markedly from the other milk protein frac- 
tions in its amino acid content when all of the values are expressed as grams per 
100 g. of anhydrous, ash-free protein. The amount of arginine, glutamic acid, 


TABLE 2 


Lhe essential amino acids, cystine and glutamic acid content of the minor-protein fraction, casein, 
lactalbumin, lactoglobulin, pseudoglobulin and euglobulin 
(All amino acid values expressed as grams per 100 g. of anhydrous, ash-free protein) 


Minor-protein fraction Lactal- B-Lacto- Pseudo- LEuglob- 


Constituent ry bumin globulin globulin ulin 
Isol.1 Isol.2 Isol.3 ) (2) (3) (14) (14) 

Arginine 169 171 171 4.1 3.5 2.88 3.5 4.9 
Cystine 0.83 0.88 0.87 0.34 4.1 2.29 3.0 3.2 
Glutamic acid 13.54 13.05 1331 224 ©... 
Histidine 0.90 0.88 0.89 3.1 2.0 1.58 2.14 1.89 
Isoleucine 3.62 3.71 3.64 a 8.40 3.1 3.1 
Leucine 5.53 5.79 5.82 9.2 15.0 15.60 9.1 10.4 
Lysine 586 5.76 5.59 8.2 9.0 11.40 7.2 6.3 
Methionine 134 134 1.35 2.8 2.8 3.22 1.08 0.98 
Phenylalanine 230 240 234 5.0 5.6 3.50 3.8 3.6 
Threonine 6.66 656 6.47 4.9 5.3 5.80 10.1 10.5 
Tryptophan 0.88 0.85 0.87 12 2.3 1.94 2.7 2.4 
Valine 996 974 9.52 7.2 4.0 5.80 9.4 10.4 
Total nitrogen 15.67 15.67 15.67 15.63 __..... 


« Number in parenthesis refers to reference. 
» Actual nitrogen content of the anhydrous minor-protein fraction. 


histidine, leucine, phenylalanine and tryptophan is markedly less than that re- 
ported for the other identified milk proteins, whereas the amount of threonine 
and valine is significantly higher than that reported for casein, lactalbumin and 
B-lactoglobulin. The cystine content of the minor-protein fraction is more than 
twice as high as that found in casein but significantly less than that found in the 
other milk proteins. The isoleucine, lysine and methionine content of the minor- 
protein fraction is about one-half of that found in casein, lactalbumin and £-lacto- 
globulin but nearly equivalent amounts are present in pseudo- and euglobulin. 
The amounts of arginine, cystine, histidine, leucine, phenylalanine, threonine and 
tryptophan are markedly less than those reported for pseudo- and euglobulin, 
whereas the valine content is approximately the same. 

Cystine, histidine and tryptophan and leucine and lysine are present in about 
equal concentrations in the minor-protein fraction. The lack of similarity be- 
tween the amino acid content of the minor-protein fraction and the other recog- 
nized milk proteins is evident. There is no information available on the amino 
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acid composition of the other proteins shown by electrophoretic analysis to be 
present in whey (13). 

Minimum molecular weight of the minor-protein fraction. The minimum 
molecular weight (M min.) can be calculated by the equation: 


_ Ra x Max 100 

( in.) (%)a (1) 
Ra is the integer representing the number of specific amino acid residues in the 
molecule, Ma is the molecular weight of the amino acid and (%)a is the per cent 
of amino acid in 100 g. of the anhydrous, ash-free protein. In the determina- 
tion of (M min.) of the minor-protein fraction, the amino acid present in the 
smallest concentration (tryptophan) was used to make the adjustment to integers 


TABLE 3 


The number of amino acid residues in the minor-protein fraction as compared to casein and 
B-lactoglobulin 


Minor-protein fraction 


-Lacto- 
Constituent Molar ratio when Casein (6)* gifbulin (3) 
protein tryptophan = 
1 2 3 4 5 6 7 
(%) 
Arginine 1.70 9.8 2.3 7 24 7 
Cystine (4) 0.86 7.2 1.69 5 3 8 
Glutamic acid 13.30 90.4 21.2 64 38 24 
Histidine 0.89 5.7 1.34 4 20 4 
Isoleucine 3.66 27.9 6.55 20 47 27 
Leucine 5.71 43.6 10.2 31 70 50 
Lysine 5.74 39.3 9.2 28 56 33 
Methionine 1.34 9.0 2.1 6 19 9 
Phenylalanine 2.35 14.2 3.3 10 30 9 
Threonine 6.56 55.1 12.9 39 41 21 
Tryptophan 0.87 4.26 1 3 6 4 
Valine 9.74 83.3 19.6 59 61 21 
Sulfur 1.40 43.8 10.3 21 


a Number in parenthesis refers to reference. 


within 3 per cent of the whole number. The figures used for the calculation of 
(M min.) are presented in table 3. (M min.) was calculated for each amino 
acid and for sulfur. The value 70,300 represents the average value obtained 
from the 12 amino acids and sulfur. The values reported in the literature for 
(M min.) of casein and £-lactoglobulin are included for comparative purposes. 
The yield in per cent and moles per 10° g. of protein are given in columns 2 and 
3 in table 3. In column 4, the molar ratios calculated on the basis of one trypto- 
phan molecule are obtained by dividing by the number of moles of tryptophan 
(4.26). In column 5, these molar ratios are multiplied by 3 and all figures are 
rounded out to the nearest integer within 3 per cent. The only amino acid 
which deviated more than 3 per cent was methionine (5 per cent). Data also 
are included in table 3 for the comparison of the literature values of the number 
of amino acid residues in casein and f-lactoglobulin. 
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DISCUSSION 


A whey protein fraction has been isolated and characterized which possesses 
the ability, after being photosensitized, of producing the characteristic solar- 
activated flavor commonly found in homogenized milk. Our findings are in 
accord with the observations of Doan and Myers (4) and Keeney (7) that the 
solar-activated flavor originates in a serum component that remains after the 
removal of all of the major milk proteins. Keeney (7) was able to produce the 
solar-activated flavor in serum free from casein, lactalbumin and globulin and 
it may have been construed by some to mean that the flavor originated from a 
protein-free serum. The isolation of a minor-protein fraction from the ‘‘pro- 
tein-free’’ serum stresses the possible importance of milk proteins other than the 
major protein fractions. Since biological systems are dynamic rather than static, 
the possibilities and relationships of other minor proteins and/or protein trans- 
formation products in milk and whey are of fundamental interest. 

The fact that some of the cows used in previous work (16) produced milk 
that did not develop the solar-activated flavor may indicate that under some 
conditions some of the mammary secretory areas may not function properly. 
The highest incidence of the activated flavor occurred in milk from cows on dry 
feed. An abnormally functioning udder also is known to occur before or imme- 
diately after parturition, during advanced lactation or when the udder is in- 
flamed. The minor-protein fraction obtained from the ‘‘protein-free’’ serum 
may be a normal constituent of milk, or it may have been due to an abnormal 
functioning of the mammary glands, or it may conceivably be accounted for by 
some degradation product of milk protein due to heat. 

An electrophoretic study of the minor-protein fraction will be the subject of 
a subsequent paper. 


SUMMARY 


A minor-protein fraction has been isolated from skimmilk after the major 
proteins had been removed, which is capable of being photosensitized to produce 
the typical solar-activated flavor of homogenized milk. 

The elementary analysis, amino acid composition, isoelectric zone and the 
minimum molecular weight (M min.) have been determined. From the data, a 
(M min.) of 70,300 was calculated along lines of orthodox organic chemistry. 
The determination of 12 amino acids shows that the minor-protein fraction con- 
tains the following amino acid residues: Arg;, CyS;, Glues, His,, Tleu2o, Leus:, 
Lyses, Mets, Phezo, Thrss, Try; and Vals, (the first 3 letters of each amino acid 
is used as the symbol). 
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FACTORS INFLUENCING THE AMOUNTS OF LAND NEEDED TO 
PRODUCE ROUGHAGE FOR DAIRY CATTLE IN NORTH- 
EASTERN ILLINOIS 


L. R. FRYMAN anp W. B. NEVENS 


Department of Dairy Science, University of Illinois, Urbana 


Since dairy cows obtain approximately three-fourths of their nutrient sup- 
ply from roughages and only one-fourth from concentrates, the amounts of land 
needed to produce pasture, hay and silage for the dairy herd is a matter of ex- 
treme importance. In fact, the yields of crops on the dairy farm are fully as 
important as the milk yields of the cows, for crop yields not only affect the pro- 
ductivity of the cows but also the number of dairy cattle which the farm will 
support. 

This study was undertaken to determine the amounts of land necessary to 
produce roughage (pasture, hay and silage corn) for dairy herds and the effects 
of certain factors on these land requirements. The area selected for study covers 
eight counties (Lake, Boone, Cook, Kane, McHenry, DuPage, Will and Kanka- 
kee) immediately adjacent to a large milk marketing center. This is an intensive 
dairy area. Dairy farmers in the area emphasize the growing of roughage for 
the feeding of their dairy herds. 


INVESTIGATIONAL PROCEDURE 


One hundred-fifty farm account records obtained by Farm Bureau Farm 
Management Service! in the area under study were carefully scrutinized. The 
records consisted of production and financial accounts kept by farm operators 
under the supervision of an area representative of the College of Agriculture. 
The farms were those which had been enrolled in the project for 3 yr. or more. 
Only farms which received 45 per cent or more of the total gross income from 
the sale of milk and dairy cattle were selected for use in this study. These records 
numbered 65. Averages of three yearly records for the years 1942, 1943 and 
1944 were used. 

The records contain data covering the estimated amounts of roughage pro- 
duced on each farm and the estimated amounts of roughage fed to each class of 
livestock. A tabulation of the records on the 65 farms shows a total yearly 
average production of only 19.2 tons of roughage produced in excess of the 
amounts fed. It appears, therefore, that most of the roughage was fed on the 
farms where it was produced, although the possibility that some roughage was 
sold from one farm to another is not precluded. 

Factors which were assumed to have an important influence on the amounts 
of land needed for roughage production were: (a) percentage of pasture area on 

Received for publication Jan. 12, 1951. 


1A project carried on cooperatively between the Department of Agricultural Economics, 
University of Illinois College of Agriculture, and the Farm Bureaus. 
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tillable land; (b) the kinds of crops (especially legume and non-legume) ; and 
(ec) soil rating.? Land area needs for the production of pasture, hay and silage 
were studied separately. The analysis of variance was used to determine whether 
or not the results of the study showed significant differences. 


RESULTS 


A tabulation of the records showed that nearly half of the total pasture area 
was located on non-tillable land (table 1). On such land, the pastures consisted 
only of grasses. Bluegrass and Reed’s canary grass made up most of these pas- 
tures, with bluegrass constituting by far the largest portion of the grasses used. 
In terms of the total pasture area, legume crops formed only 16 per cent, while 
mixed grass and legume crops comprised about 10 per cent of the acreage. Thus, 
about 74 per cent of the total pasture area was devoted entirely to grasses. 


TABLE 1 
Proportions of total pasture area devoted to different crops 


Crop Per cent of total area 

Non-tillable land, all grass 48.1 
Tillable land 

Bluegrass 11.9 

Grass-legume mixtures 9.6 

Alfalfa 6.1 

Clover 6.0 

Sudan grass 5.9 

Timothy and redtop 4.2 

Sweet clover 3.7 

Small grains 2.9 

Bromegrass 1.5 
Total grasses and legumes on tillable land .................... 51.9 


The relation of non-tillable land to carrying capacity of pastures was studied 
by sorting the farm records into four groups according to the percentage of pas- 
ture on untillable land (table 2). Twenty-six of the 65 farms included in the 
study had none to 25 per cent of the pasture on non-tillable land. On these 
farms 1.2 animal units were carried per acre of pasture. On the 13 farms having 
76 to 100 per cent of the pasture on non-tillable land, only 0.72 animal units per 
acre were carried. A significant difference between the four groups of farms 
was found. The F value in this case was 7.91, whereas an F value of only 4.10 
was needed to show a significant difference at the 1 per cent level of probability. 
These results clearly indicate a lower carrying capacity of pastures on non- 
tillable land. 


2The soil rating system as used by the University of Illinois Soil Survey indicates the 
ability of the soil type to produce the major crops in the region without soil treatment but 
with the soil cleared and drained. The scale used is 1 to 10, with 1 indicating the most pro- 
ductive soil and 10 indicating the least productive soils in Illinois. The soil rating is based 
upon inherent soil characteristics such as texture, structure, surface color, subsoil development, 
and parent material and is independent of more or less temporary treatments (fertilizer appli- 
cations, tillage methods, the growing of legumes, ete.) which may be applied by man. 
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The differences in yields of pasture forage on the two types of land reflect 
differences not only in productivity and returns in terms of feed produced but 
also in the annual income per acre of land. It appears from the results of this 
study that efforts to improve the pastures on non-tillable land and thus increase 
both the intensity of the farm enterprises and financial returns would be a profit- 
able procedure. 


TABLE 2 
Relation of non-tillable pasture land to carrying capacity of pastures 


Per cent of total pasture on 


A Animal units 
non-tillable land /aere of total = 
asture 

Range Average P 

0-25 7.7 1.20 26 
26-50 36.4 0.85 12 
51-75 62.6 0.81 14 
76-100 87.6 0.72 13 


F=7.91 (significant at 1% level.) 


The relation of pastures made up of legumes or grass-legume mixture to 
carrying capacity was studied by sorting the 65 records according to the pro- 
‘portion of the total pasture area which was occupied by legumes and grass- . 
legume mixtures (table 3). The carrying capacity of the total pasture increased 
as a greater proportion of legumes was used in the pasture program. Only 0.74 
animal unit per acre was carried on farms having but 14 per cent of legume or 
grass-legume pasture, while 1.31 animal units were kept on farms having nearly 
93 per cent of such pastures. The differences were significant at the 1 per cent 
level of probability that variation of such magnitude might be due to chance 
alone. A tabulation of the soil ratings for these farms showed no significant 
differences between groups, although there was a trend toward a higher percent- 


TABLE 3 
Relation of legume and legume-grass mixtures to productivity of pastures 


Proportion of total pasture which was F 


legume or legume-grass mixture values 
(%) (%) (%) (%) 
Range of values r 0-25 26-50 51-75 76-100 
Ave. values 13.9 35.6 64.0 92.7 
No. of farms 28 17 10 10 
Gell of fatmes 3.75 3.66 3.18 2.91 2.13 
Animal units per 0.74 0.96 1.20 1.31 9.19** 


** Significant at 1% level. 


age of legumes on the better farms. These data show that the improved carrying 
capacity of pastures brought about through an increase in the proportion of the 
pasture area devoted to the legumes evidently is a factor of outstanding import- 
ance. 

The soil ratings on the farms included in the study ranged from 1.5 to 6.0. 
The effect of this wide variation in soil productivity on yields of forages was 
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studied by determining the amount of land needed to produce pasturage, hay and 
silage for one dairy cow. The data are summarized in table 4. 

There was a significant relation of soil rating to area of pasturage required 
to supply one cow. On farms having the poorest productivity ratings (av. 5.08), 
only 0.88 animal units were pastured per acre of land. On the other hand, 
farms with the best productivity ratings (av. 2.22) supported 1.23 animal units 
per acre of pasture. : 

Soil rating had small influence on the amount of land needed to produce 
hay for one dairy cow. There was a tendency for the less productive soils to 
produce smaller yields of hay per acre than was the case on the farms having 
the more productive soils. The differences, however, lacked statistical signifi- 
cance. 

The apparent discrepancy between the findings for yields of pasture and 
yields of hay is explained on the basis of the kind of hay crops grown. A tabula- 
tion of the kinds of hay fed showed that alfalfa hay formed 46.5 per cent of the 


TABLE 4 
Effect of soil rating on land requirements for production of roughage 


Soil rati Area to produce ; 
pected No. of Animal units roughage for one Proportion 
— f te "i /acre of dairy cow of hay from 
pasture alfalfa 
Range Average Hay Silage 
(acres) (acres) (%) 
1.5-2.5 2.22 15 1.23 0.911 0.5046 48.7 
3.0-3.5 3.12 25 0.91 1.066 0.504 47.0 
3.6-4.5 4.08 11 0.79 1.050 0.531 38.3 
4.7 or over 5.08 14 0.88 1.153 0.603 56.8 


F values 3.76* 1.66 1.01 


* Significant at 5% level. 


total; clover hay, 17.1 per cent; mixed legumes and grasses, 24.6 per cent; soy- 
beans, timothy and redtop, canary grass and miscellaneous formed 11.8 per cent. 
About 88 per cent of the hay, therefore, consisted of legume or legume-grass mix- 
tures. It is necessary on most farms in this area to apply lime and other soil 
treatments before legumes can be grown successfully. It is presumed, therefore, 
that the correction of soil deficiencies through appropriate treatments reduced 
differences between farms in the yields of hay. 

The soil rating was found to have only a slight influence on the amount of 
forage yielded by an acre of corn grown for silage (table 4). The acreages re- 
quired for the production of corn forage for one cow ranged from 0.50 acre on 
the farms having an average soil rating of 2.22 to 0.60 acre on farms with an 
average soil rating of 5.08. The differences were too small to be significant. 

The lack of difference in yield of corn forage on soils of different ratings is 
attributed to the practices common in this area. Corn, of course, is grown only 
on tillable land. The most productive fields are selected for the production of 
corn and most of the barnyard manure is concentrated on them. Other fertilizers 
also are commonly used in addition to manure on some of the farms. These 
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practices are assumed to reduce or eliminate, temporarily at least, the differ- 
ences in crop yields usually associated with farms having different soil ratings. 
The soil rating, however, which is based upon physical characteristics such as 
soil structure, texture, subsoil’ development, etc., is not changed by soil treat- 
ments which are more or less temporary in their effects. 

Average values for the amounts of land required for the production of 
roughage for one dairy cow are shown in table 5. The wide variations in the 


TABLE 5 
Land area used to produce roughage for one dairy cow 
Kind of roughage Acres/cow Standard deviation 
Pasture 1.30 0.79 
Hay 1.00 0.30 
Corn silage 0.53 0.18 


acreage of pasture used are explained in the foregoing discussion on the basis of 
differences in kinds of pasture crops, soil rating and whether or not pasture was 
grown on tillable land. The smaller variations in acreages used for the produc- 
tion of hay and corn forage are presumed to have been brought about by corree- 
tive soil treatments whenever these crops were grown on land naturally low in 
productivity. 


SUMMARY 


Records of 65 farms in Northeastern Illinois were analyzed to determine the 
effect of (a) the percentage of non-tillable pasture land, (b) the kinds of crops 
(especially legume and non-legume) and (c) soil rating on the amounts of land 
needed to produce roughages for dairy cattle. 

The carrying capacity of pastures on non-tillable land was not as high as 
that of pastures on tillable areas. Farms having a small proportion of the pas- 
ture area (8 per cent) on non-tillable land carried 60 per cent more animal units 
per acre of pasture than did farms having a large proportion of pasture (88 
per cent) on non-tillable land. 

Farmers who made large use of legumes and grass-legume mixtures in their 
pasture program were able to carry more animal units per acre of pasture than 
were those who relied heavily on grasses. The differences in carrying capacity 
of pasture between groups of farms on which little use was made of legumes 
and those on which extensive use was made were more striking than were the 
differences in amounts of pasture forage produced on tillable and non-tillable 
land. 

Soil rating, an expression indicating the natural productivity of soils without 
the addition of soil treatments, was found to have a pronounced relation to the 
productivity of pastures. The better the soil rating, the larger the number of 
animal units carried per acre of pasture. However, little relation was found 
between soil rating and the amounts of land needed to produce hay or silage for 
one cow. Soil treatments are presumed to have nearly eliminated the differences 
between groups of farms in their yields of hay and corn forage.. 
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Average values for the 65 farms showed the use of 1.3 acres of pasture, 1 acre 
for growing of hay, and 0.5 acre for production of silage corn for the feeding of 
one cow. 
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EFFECT OF SPRAYING PRESSURE AND ORIFICE SIZE ON THE 
PHYSICAL CHARACTERISTICS AND KEEPING QUALITY OF 
SPRAY-DRIED WHOLE MILK 


P. H. TRACY, J. H. HETRICK! anp W. A. KRIENKE?2 
Department of Food Technology, University of Illinois, Urbana 


Hetrick and Tracy (2) observed that there was more rapid O, absorption and 
greater loss in palatability in an air-packed powder sprayed with a no. 79 nozzle 
at 2,000 lb. pressure than in the control batch sprayed with a no. 69 nozzle at 
250 Ib. pressure. The lower packing density and the greater surface area result- 
ing from the higher spray pressure was thought to be related to differences in the 
rate of O, absorption which accounted for the superior keeping quality of the 
coarser powder. To elaborate upon these findings, further studies were made of 
the relationship of particle size to the physical properties and keeping qualities 
of whole milk powder. 


EXPERIMENTAL METHODS 


Two series of experiments were performed, one using milk produced by the 
University of Illinois herd which was dried on the University experimental spray 
drier. The second series of experiments involved the use- of milk powder pro- 
duced in the research laboratory of a commercial plant equipped with a larger 
drier with which it was possible to obtain a wider range of spray pressures. 

The powder was packed in sealed tin containers, and the packing tempera- 
ture and the weight of powder per can were determined. Usually half the cans 
were gas-packed. The time of evacuation varied from 10 to 15 min. An absolute 
pressure of 3 to 5 mm. was secured. N, then was admitted rapidly until there 
was a positive pressure of about 5 lb. per in.2. The powder was held at this 
pressure for 2 to 5 min. The cans then were quickly removed from the chamber 
and the 1 to 1.5 mm. hole sealed with solder. The cans of powder were stored in 
a room where the temperature was automatically controlled at 72° F., except 
during the summer months when the outside temperature was higher. The 
other storage temperature used was 100 + 5° F. 

The O, and CO, contents of the headspace gas were determined by using 
either a Van Slyke apparatus or a Fisher Precision Gas Analyzer. Equilibrium 
values for O, concentration were estimated from curves, plotting per cent O, vs. 
days after sealing. By means of the values for O, concentration in the head- 
space gas immediately after packing and after diffusion was complete, the rela- 
tive volume of O, held per gram of powder was calculated. 

The ascorbic acid method of Doan and Josephson (1) was used. This pro- 
cedure involves precipitation of 25 ml. of reconstituted milk with 26.5 ml. of a 
precipitant containing 6 per cent trichloracetic and 4 per cent metaphosphoric 
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acids, filtering and titrating 20 ml. of the filtrate with 2,6—dichlorobenzenone 
indophenol. 

Fat, moisture, acidity, solubility and bacteria counts were determined accord- 
ing to standard accepted methods, except that all determinations involving 
reconstituted milk were made on the basis of 14 g. of powder to 100 ml. of dis- 
tilled water. This procedure yielded milk with more nearly normal composition, 
freezing point, acidity and flavor than resulted by reconstituting 13 g. of powder 
per 100 ml. water. 

The Cu content of the milk powders was determined by the carbamate method 
described by Hetrick and Tracy (3) and the iron by the 1,10—phenanthroline 
method of Pyenson and Tracy (5). 

The flavor was determined on reconstituted milk scored shortly after reconsti- 
tuting according to the following guide: excellent—23 and above; good—20 to 
22.5; fair—17 to 19.5; poor—-12 to 16.5; very unpalatable—below 12. 

For particle-size measurement a suspension of 200 mg. of powdered whole 
milk was made in 5 ml. of white mineral oil. A drop of this suspension was 
placed on a microscopic slide. A cover glass then was placed over the drop and 
the sizes of the powder particles determined using oil immersion lens with the 
aid of a calibrated micrometer. Over 800 particles of each lot were measured 
and the mean diameter calculated in the usual manner. 

To determine density distribution and mean density of milk powder particle, 
2-g. portions of milk powder were suspended in 40-ml. quantities of solutions of 
known density (these test solutions were mixtures of carbon tetrachloride and 
propyl alcohol). The densities of the individual solutions ranged from 0.8 to 
1.38 g. per milliliter. After centrifuging at 1,000 r.p.m. for 5 min. using a 16-in. 
diameter centrifuge, the top layer (powder particles having lower density than 
the test liquid) was removed by means of a suction tube. The balance of the 
contents of the centrifuge tube was thoroughly mixed and poured through a 
weighed filter paper. The tube was thoroughly rinsed with test liquid and the 
rinsings filtered through the same paper. After drying in an air oven (90 to 
100° C.) the filter paper (containing the powder having a density equal to or 
greater than the test liquid) was cooled in a desiccator and reweighed. Thus, the 
per cent by weight of the powder having a density equal to or greater than the 
density of the test liquid was determined at seven or eight density levels between 
0.8 and 1.38 g. per milliliter. From the per cent by weight of powder at the 
various average densities, a mean particle density was calculated. 

Data on powder manufacture. Fresh raw milk from the University herd was 
standardized with some of its fresh skimmilk to give a product containing 3.4 per 
cent fat and 12.33 per cent total solids. The standardized milk contained 19.8 
mg. ascorbic acid per liter, and had a titratable acidity of 0.16 per cent. It was 
forewarmed to 160° F. for 20 min. The flavor of the milk after the forewarming 
treatment was scored 20.5 with a flavor criticism of feed and cooked. After con- 
densing, the milk was homogenized at 1,500 lb. per in.? pressure, cooled: to 40° F. 
and under refrigeration until spray dried 18 hr. later. At this point, the re- 
constituted milk scored 22 and had a slight cooked flavor, the vacuum treatment 
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apparently removing the feed flavor. The titratable acidity was 0.14 per cent 
and the ascorbic acid content was 9.8 mg. per liter. The condensed milk tested 
10.8 per cent fat, 39.24 per cent total solids and 0.54 per cent titratable acidity. 
Manufacturing, analytical and packing data on the batches and samples of milk 
powder are given in table 1. 

The study was continued using an experimental spray drier at the com- 
mercial dairy. Milk testing 3.5 per cent butterfat was standardized to 3.2 per 
cent butterfat with good quality skimmilk. The standardized milk was fore- 
warmed to 170° F. for 20 min. and condensed to 10.58 per cent butterfat and 
39.81 per cent total solids. The condensed milk was homogenized at 1,000 Ib. 
per in.? pressure at 125° F., cooled to 40° F. over a surface cooler and held at 

36° F. until ready for use. Whereas in lot 1 the nozzle size and spray pressure 
were varied to obtain the desired powder particle size, in this experiment the 
same nozzle size was used at four pressures (samples 1, 2, 3 & 4, table 2). Then 
the pressure was kept constant for different size nozzles (samples 5, 6 & 7, 
table 2). 
TABLE 2 
Analytical and packing data of powdered milk (lot 2) 


Batch no. 1 2 3 + 5 6 7 
Sample no. (air-pack) ............... 146 148 150 152 154 156 158 
Sample no. (Ne-Pack) eccocsccone 147 149 151 153 155 157 159 
Age of condensed 

before Arying (AL) .eccccccceo 22 26 27 28 47 48 51 
Fat (%) .. 26.46 26.66 2641 ..... 26.45 
1.60 1.50 1.65 1.40 2.00 1.90 1.40 
Acidity (%) 0.135 0.140 0.185 0.185 0.1385 0.185 0.135 
Ascorbic acid 7.6 7.6 7.6 8.1 7.1 7.2 6.6 
Flavor (reconstituted milk) ..... 22.5 22.0 21.75 21.50 21.75 22.0 22.0 
Copper (PPMe) 1.07 1.05 1.03 1.46 1.45 1.52 1.52 
Iron (ppm.) 4.6 3.7 3.4 3.9 4.8 4.6 4.6 
Nozzle no. 64-17 64-17 64-17 64-17 72-20 64-20 58-20 
Spray pressure (1b./in.2) ............ 500 1,500 2,500 3,500 2,000 2000 2,000 
Packing temperature (°F..) ........ 148 156 155 155 145 134 158 
Temperature of storage .............. room room room room room room room 
200 190 175 170 170 180 190 
Packing density (g./ml.) .......... 0.654 0.613 0.565 0.548 0.548 0.580 0.613 

RESULTS 


The effect of spray pressure and nozzle size on some physico-chemical char- 
acteristics of whole milk powder. The packing density varied with the spray 
pressure (table 3). As the spray pressure was increased the packing density 
decreased. The mean particle density of the milk powder was more dependent 
upon spray pressure than upon the size of the nozzle orifice. Titus (6) also 
found this to be true. 

As the powder particle became larger, due to increase in nozzle size and a 
decrease in spray pressure, the percentage of solid particles decreased (table 3). 
The ratio of the total volume of gas cells to that of the solid matter was greater 
when the particles were comparatively small. Consequently, the volume per cent 
gas was greater in the small powder particles. Figure 1 shows the size distribu- 
tion curves of the powder particles. 
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TABLE 3 
Effect of nozzle size and spray pressure on particle size of whole milk powder 


Microscopic measurements 


Spray nozzle sizea 
1 , No. of Per cent Volume Mean 
eee ae and pressure particles solid per cent particle 
measured particles gas size 
(mp) 
13 No. 79-20 812 47 11.3 12.8 
1,500 Ib. 
17 No. 72-20 818 43 9.9 19.35 
750 Ib. 
21 No. 69-20 839 35 7.3 23.9 
400 Ib. 


479 nozzle—0.0145 in. diameter 
72 nozzle—0.0250 in. diameter 
69 nozzle—0.0292 in. diameter 
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Fig. 1. Effect of spraying method on particle size of whole milk powder (Microscopic 
Measurement). 
A. Sample 13, 79 nozzle, 1,500 lb. spray pressure—Total particles measured—812 
B. Sample 17, 72 nozzle, 750 lb. spray pressure—Total particles measured—818 
C. Sample 21, 69 nozzle, 400 lb. spray pressure—Total particles measured—839 
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Measurements of packing density, of mean particle density and of ml. O, per 
gram of powder were made (table 4). As the spray pressure was increased with 
the nozzle size remaining constant, the packing density decreased (samples 147, 
149, 151, 153). The opposite effect was produced as the nozzle size was increased 
with the spray pressure remaining constant the packing density increased (sam- 
ples 155, 157, 159). As the spray pressure was decreased and the spray nozzle 
size was increased, the packing density increased (samples 11, 15, 19). 

In the case of samples 147 to 153, a greater equilibrium O, content was ob- 
tained at 1,500 lb. per in.? pressure than at either 500, 2,500 or 3,500 lb. per in.” 
spray pressure. When the nozzle size was varied and the spray pressure was 
kept constant (samples 155 to 159), there was a gradual increase in equilibrium 
O, concentration in the headspace as the orifice diameter of the nozzle was in- 


TABLE 4 


Effect of spray pressure and nozzle size on certain physical 
characteristics of whole milk powder 


Spray % Mean 
Nessie ressure headspace Packing particle MI. O./g. 
no sizea P P density 
(Ib.) equil. density 

11 79-20 1,500 2.20 0.500 1.162 0.0244 

15 79-20 750 1.95 0.526 1.177 0.0188 

19 69-20 400 1.90 0.553 1.215 0.0171 
147 64-17 500 2.29 0.654 1.208 0.0147 
149 64-17 1,500 3.22 0.613 1.149 0.0251 
151 64-17 2,500 2.75 0.565 1.163 0.0241 
153 64-17 3,500 2.55 0.548 1.171 0.0233 
155 72-20 2,000 2.98 0.548 1.171 0.0280 
157 64-20 2,000 3.28 0.580 1.145 0.0282 
159 58-20 2,000 3.36 0.613 1.149 0.0263 


« First value refers to diameter of nozzle and second value refers to width of groove core. 
This is shown as follows: 


Nozzle size Diameter Width of core groove 
72-20 0.025 in. 0.02 in. 
64-20 0.036 in. 0.02 in. 
58-20 0.042 in. 0.02 in. 


creased. When both the nozzle size and the spray pressure were varied (samples 
11 to 19), the equilibrium O, content of the headspace gradually diminished as 
the nozzle size was increased and the spray pressure was decreased. 

The density distribution data obtained on samples 13, 17 and 21 are given in 
table 5. Over 98.5 per cent of the powder particles had a density greater than 
0.8. None of the samples had a density as high as 1.38. The powder made up 
largely of small particles (sample 13) had less percentage by weight of powder 
at any given density between 0.8 and 1.292 than did the relatively medium or 
large particles (samples 17 and 21). At each density there was a gradual in- 
crease in the per cent by weight of powder as the particle size increased from 
small to large. 

Effect of spray pressure, orifice size and storage temperature on the absorp- 
tion of O, by whole milk powder. Batches 1, 2 and 3 (lot 1) both N.- and air- 
packed, were kept at two different temperatures of storage (72 and 100° F.) to 
note changes in the O, and CO, concentration of the headspace gas. At various 
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intervals during the storage period of approximately 13 mo. the samples of each 
were analyzed (table 6). 

There were marked reductions in the O, content of the headspace gas on 
storage of all air-packed samples. The decreases were greater in the samples 
stored at 100° F. than those stored at room temperature. The O, content of the 
headspace gas of sample 10, the small-particle sample, after 13 mo. of storage had 
decreased to a greater extent on storage than did that of the medium- and 
large-sized particle samples 14 and 18, respectively. The CO, content of the 
headspace gas of the various samples varied throughout the storage period. 

Somewhat similar results were obtained with the N.-packed samples. At the 
elevated temperature the O, was reduced to a greater extent than at room tem- 
perature. The larger-particle powder absorbed less O. than the medium- or 
small-particle powder at both room and elevated temperature, though the differ- 
ences were less than in the case of the air-packed samples. 


TABLE 5 


The effect of nozzle size and spray pressure on density distribution 
of whole milk powder 


Per cent by weight of particles having equal or greater 


Density of density than test liquid 
test liquid 
Sample 13 Sample 17« Sample 21a 

0.800 98.5 98.8 98.8 
0.920 , 88.25 91.0 92.0 
1.008 85.0 87.5 88.0 
1.107 78.25 80.25 86.0 
1.170 61.75 66.5 80.0 
1.234 42.5 48.0 67.0 
1.292 8.0 8.5 11.0 
1.380 0.0 0.0 0.0 


a See table 3 for mean particle size. 


In table 7 are given the gas analyses of the powdered whole milk of lot 2 held 
in storage for 1 yr. at room temperature. The results are similar to those ob- 
tained with the samples of lot 1 (table 6). 

Effect of spray pressure and nozzle size on the ascorbic acid content of whole 
muk powder. The ascorbic acid content of the whole milk powder decreased on 
storage. The decrease was greater in the air-packed than in the N.-packed sam- 
ples. Hetrick and Tracy (4) in another study reported similar findings. There 
were no significant differences in the ascorbic acid reduction in the samples stored 
at room temperature and those stored at 100° F. There was no apparent corre- 
lation between particle density, particle size, per cent solid particles and volume 
per cent gas held by the powder, and the ascorbic acid content. 

Effect of spray pressure, nozzle size and storage temperature on the flavor 
scores of whole milk powder (lot 1). The whole milk powders were reconstituted 
with distilled water and judged for flavor. The powders stored at room tem- 
perature invariably had a higher flavor score than those stored at 100° F. and 
that the N.-packed samples possessed much better flavor keeping qualities than 
the air-packed samples. There was a trend for the powder with the relatively 
large particles to score the highest in flavor, though there were some exceptions. 
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The size of the powder particles was less significant as far as keeping quality is 
concerned than either the storage temperature or the gas-packing of the powder. 


SUMMARY 


A higher percentage of solid particles was found in the powder containing 
the smaller size particles, but the volume of the O, trapped was greater in these 
than in the powders containing larger size particles. An increase in the spray 
pressure as well as a reduction in the size of the spray nozzle orifice reduced the 
packing density. As the mean particle density decreased, the amount of en- 
trapped O, per gram of powder tended to increase. 

The ascorbic acid content of the dried milk decreased on storage. The de- 
erease was greatest in the air-packed samples. None of the other variables 
studied were found to be related to stability of the ascorbic acid in the dried 
milk. 

No correlation was found between the equilibrium O, content of the head- 
space gas and the size or density of the powder particles. During storage CO, 
was evolved from all samples, there being no definite correlation between the 
amount of CO. found and other variable factors studied. The O, content of 
the headspace gas decreased in all samples during storage but to a lesser extent 
in the N,-packed samples than in the air-packed samples. The extent of O, up- 
take was greater in the samples stored at 100° F. than in those samples stored 
at room temperature. There was less O, left in the headspace gas of the samples 
containing the smaller size powder particles than when the particles were larger. 

While there was some tendency for the powder with larger particle size -to 
deteriorate in flavor to a lesser extent during storage than the powder with 
smaller size particles, the differences were not consistent nor as marked as the 
differences resulting from variations in storage temperatures (72 as compared 
with 100° F.) or from N.-packing as compared with air-packing. 

In as much as a reduction in spray pressure results in an appreciable reduc- 
tion of drier capacity, the economic advantage to be obtained from the slight 
improvement in keeping quality of the larger size powder particles that will re- 
sult from such a manipulation is not in itself sufficient to justify the change. 
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RELATIVE EFFECTIVENESS OF PAPER TOWELS, CLOTH TOWELS 
AND DRY BARE HANDS IN CLEANING THE UDDER AND IN 
STIMULATING MILK LET-DOWN’ 


G. H. BECK anp T. J. CLAYDON 


Kansas Agricultural Experiment Station, Manhattan 


Udder massage with a heavy cloth wrung out of warm water has been widely 
advocated as a method of cleaning the udder and stimulating milk let-down. The 
importance of udder massage in stimulating milk let-down has been demonstrated 
by Saveliev (7), Smith and Petersen (8) and Knoop and Monroe (5). Reports 
on the effectiveness of washing udders in reducing the amount of sediment and 
the bacterial content of milk were reviewed by Hammer (4). 

There is some inconvenience involved in the use of individual cloths for clean- 
ing and massaging the udder of each cow. This investigation was undertaken to 
determine the feasibility of using disposable paper towels as compared with cloth 
or with the dry bare hands, as measured by response in milk let-down, sediment 
content of milk and bacterial content. 


EXPERIMENTAL PROCEDURE 


A group of 15 cows, including two Ayrshires, three Guernseys, seven Holsteins 
and three Jerseys, was selected at random from the college milking herd of 70 
cows. This group was divided, at random, into three sub-groups of five cows each. 
Each of these sub-groups was rotated, at random, through a series of three experi- 
mental milking treatments. The treatments were as follows: (a) The teats and 
floor of the udder were wiped for about 20 sec. with a paper towel, squeezed 
out of warm chlorinated water. Separate towels were used for each cow. Two 
full-hand squeezes of milk were foremilked out of each quarter into a strip cup. 
The milking machine then was applied, about 1 min. after the foremilking. (b) 
Same as (a) except that a flannel cloth was substituted for the paper towel. 
(c) Same as (a) except that the udder was massaged and brushed off with the dry 
bare hands. 

There was a 9-day experimental period, with the groups being rotated at the 
end of each 3 days. Thus, each cow was milked six consecutive milkings under 
each treatment. 

A standard, upright pail-type milking machine was used. This machine was 
operated at the prescribed 15 in. of vacuum and 48 pulsations per minute. Both 
machine and hand stripping were practiced at all milkings. The hand strippings 
were mixed with the machine milk before sampling for sediment tests and bac- 
terial analysis. 

During the experiment, conditions were favorable for the production of clean 
milk. The weather was generally fair and the cows were kept in relatively clean 
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dry lots. The udders and flanks of the cows had been clipped. Milking was done 
in a clean barn where the floors were hosed down after each milking. Small-top 
pails were used for hand stripping. 

All rubber parts of the milking machine were new at the beginning of the 
experiment. These parts were sterilized in an autoclave so that each milking was 
begun with a set of sterile rubber parts. The metal parts were rinsed in chlorine 
solution (200 ppm.) just before each milking. 

Graphic milk flow records were obtained at each milking, using a continuous- 
feed kymograph with adaptations as described elsewhere (3). 

Sediment determinations were made immediately after each milking of every 
cow. These determinations were made on 1-pt. samples of mixed milk, using 
standard lintine sediment dises. 

Bacteriological examinations were made on milk from individual cows taken 
directly from the machine pail at each milking on the first and third day of each 
period. Samples for plating were obtained with sterilized equipment immedi- 
ately before sampling for sediment. The samples were placed in ice water and 
plated within 2 hr after milking was finished. Plate counts were made in accord- 
ance with the procedure in Standard Methods for the Examination of Dairy 
Products (1). The standard violet red bile agar method was used for the esti- 
mation of coliforms. 


RESULTS 


A total of 40 graphic milk flow recordings was obtained under each of three 
different methods of udder massage, including the use of paper towels, cloth 
towels and dry bare hands. In order that statistical tests could be applied, the 
milk flow curves were reduced to several numerical measurements in accordance 
with methods described in a previous publication (3). In table 1 the averages 
for milk yield, machine time, per cent of the yield obtained in 2 min., average rate 
of flow, maximum rate of flow and hand strippings are presented for each of the 
three different experimental treatments. The analysis of variance (9) was ap- 
plied to each of these numerical measurements except for yield and hand strip- 
pings. Differences in milking response among the three différent methods of 
udder massage, as measured by milk flow curves, were not statistically significant 
at the 5 per cent level. 

A total of 270 sediment determinations was made during the experiment. 
Sediment dises were rated numerically by comparison with the standard sediment 
chart of the American Public Health Association (1). The average sediment 
seore (table 2) amounted to 0.43 mg. for the dry hand treatment as compared 
with 0.19 for paper towels and 0.15 for cloths. Differences between the dry hand 
treatment and either cloth or paper towels were highly significant, as tested by 
the t-test (9), whereas, differences between cloth and paper towel treatments were 
not significant. 

A total of 180 samples of milk was examined bacteriologically (table 2). No 
extreme variations in bacterial counts of individual samples were obtained. The 
average standard plate count for each udder treatment in all groups combined 
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TABLE 1 


Response of dairy cows to machine milking when the udders were massaged 
with paper towels, cloth towels and dry bare hands 


Per 
Group Method No. of wld — cent Rate of flow Send 
and x milk- (av./ (av./ yiel d strip- 
no. massage Aver- Maxi- Pgs 
ing) ing) min. age mum 
(1b.) (sec.) (1b./min.) (1b.) 
Paper 90 17.2 186 72 5.5 8.0 0.5 
AU Sroups Cloth 90 175 190 73 5.5 8.1 0.5 
Hand 90 17.6 190 70 5.6 8.2 0.5 
Paper 30 14.8 192 72 4.6 6.4 0.4 
ol Gm 30° 15.0 199 67 45 6.5 0.5 
— Hand 30 14.8 199 65 4.5 6.5 0.4 
Paper 30 20.2 173 79 7.0 10.1 0.7 
Ct on 30 21.0 183 77 6.9 10.3 0.6 
— Hand 30 20.9 182 78 6.9 10.4 0.6 
Paper 30 16.5 192 65 5.1 7.4 0.4 
—— Cloth 30 16.5 187 72 5.3 75 0.5 
Hand 30 17.0 190 66 5.3 7.8 -0.7 


showed the same trend as the average sediment score, being lowest with cloth 
treatment and highest with hand treatment. The differences were small, how- 
ever, and statistical analyses of the individual counts by the Mann-Whitney (6) 
test showed that they were not significant. Differences in bacterial counts be- 
tween cows were greater than such differences between treatments. The average 
coliform count for each treatment in all groups combined was practically the 
same. When individual counts were tested statistically there was no significant 


TABLE 2 4 
Relative effectiveness of cleaning udders prior to machine milking with 
paper towels, cloth towels or dry bare hands, as measured by sediment 
ratings and bacterial counts of the milk 


Sediment rating Bacterial analysis 
Group Method of ie 
and . cleaning Av. 
No. of Average No. of standard - 
No. cows udders samples score samples plate —— 
count/ml. count/ml. 
(mg.) 
Paper 90 0.19 60 2,600 7 
Cloth 90 **10.15 60 2'400 8 
— Hand 90 0.435** 60 2,900 6 
Paper 30 0.18 20 2,100 3 
— Cloth 30 0.12 20 1,800 2 
_ Hand 30 0.42 20 1,500 2 
Paper 30 0.22 20 4,100 16 
_ 30 0.19 20 3,000 14 
Hand 30 0.46 20 4,800 12 
Paper 30 0.16 20 1,700 1 
= Cloth 30 0.15 20 2/300 8 
setae Hand 30 0.40 20 2,500 4 


** Difference between groups significant at P < 0.01 level. 
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difference. Again, there were greater differences between cows than between 
treatments. The group of cows with the highest average total count (group II) 
also was highest in coliform bacteria. 


DISCUSSION 


One of the main advantages claimed by proponents of single service paper 
towels for use in preparing the cow for the milking operation is that of eonven- 
ience. They also point out the obvious advantage of avoiding the possible spread 
of disease-producing organisms from cow to cow, as might occur where a single 
cloth is used on all cows. The investigation herein reported dealt only with the 
effectiveness of paper towels in stimulating milk let-down, and in the production 
of clean milk, as measured by sediment and bacterial contents. 

From the standpoint of inducing milk let-down, the results of this experiment 
indicate that massage of the udder with a warm moist cloth is no more effective 
than either a moist paper towel or the dry bare hands. Knoop and Monroe (5) 
did not obtain complete let-down of milk from either a dry-hand brush of the 
udder or the use of a strip cup. Apparently, these workers did not try dry-hand 
massage and foremilking combined, as was done in this experiment. 

In evaluating the relative cleanliness of milk obtained under the three dif- 
ferent udder treatments, it should be emphasized that the mixed sample method 
used for sediment determination is a less severe test than the ‘‘off-bottom’’ 
method applied to 10-gal. cans of milk in commercial practice. Accordingly, the 
sediment ratings obtained are lower than they would be under commercial meth- 
ods of grading. Furthermore, it should be re-emphasized that the general cleanli- 
ness of the cows, barn and corrals approached the ideal because of season of the 
year and weather conditions. Less favorable conditions undoubtedly would cause 
higher sediment scores and possibly would show greater differences resulting 
from different udder treatments. Even under these conditions, over twice as 
much sediment was obtained with the dry hand treatment as compared with 
either the paper towel or cloth treatments. On the other hand, the cleaning 
properties of paper towels were essentially the same as those of separate udder 
cloths. 

Although the dry hand method resulted in significantly more sediment than 
the other methods, the bacterial counts were not significantly greater. Ayers 
et al. (2) have shown that, with fresh unstrained milk from sterile utensils, there 
is a general direct relationship between sediment and count. They pointed out, 
however, that a relatively large amount of sediment contamination was required 
to give a marked increase in count. They also suggested that the initial bacterial 
content of the contaminating sediment as well as its solubility would affect the 
relationship. In addition, it would seem that with fresh milk the germicidal 
property of the milk might be involved, minimizing differences in bacterial counts 
of milk containing varying amounts of sediment. In the present study, it is 
possible that greater differences between bacterial counts as related to sediment 
scores would have prevailed had the milk been sampled later, as under practical 
conditions at receiving plants. 
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SUMMARY AND CONCLUSIONS 


Damp paper towels, damp cloths and dry bare hands were compared in effeec- 
tiveness of stimulating milk let-down and in cleaning the udder prior to machine 
milking. 

No significant differences were obtained among these methods in stimulating 
milk let-down, as measured by graphic milk flow records obtained during the 
milking process. 

Sediment ratings of the milk obtained under three different udder treatments 
averaged 0.19 mg. for paper towels, 0.15 mg. for cloths, and 0.43 mg. for dry 
bare hands. Differences between the dry hand method and either cloth or paper 
were highly significant, whereas differences between the paper towels and cloths 
were not statistically significant. 

Differences in standard plate counts and coliform counts of milk obtained 
under the three different udder treatments were not statistically significant. 
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VARIATIONS IN THE RESPONSE OF DAIRY COWS TO A STANDARD 
METHOD OF MACHINE MILKING*? 


G. H. BECK, H. C. FRYER anp F. W. ATKESON 
Kansas Agricultural Experiment Station, Manhattan 


Within the past decade a program known as ‘‘managed milking’’ has been 
widely recommended. In this program efforts have been made to standardize the 
milking routine, even to the extent of equalizing the time allotted for milking 
each cow. It would seem that the success of such a program to a large extent 
might depend upon the inherent uniformity among cows in their response to the 
milking procedure. Therefore, this study was undertaken to measure the reac- 
tion of a substantial number of cows to the milking act under standard milking 
conditions, to establish basic differences in and between cows at different stages 
of lactation and to determine whether any variations found were heritable char- 
acteristics. 

According to some advocates of the managed milking program, most cows 
ean be trained to milk out at essentially the same rate. Petersen (8) claimed 
that most cows will milk out in 3.5 min. and some in 2.5 min. Hopson (7) stated 
that all cows with normal udders should milk out in 3 to 4 min. Dahlberg (2) 
recommended timed milking, the machine remaining on each cow 4 min. Hopson 
(7) likewise recommended the use of a timing device, and suggested a standard 
3-min. egg timer. Zehner (11) reported the reduction of milking time in a herd 
of 20 Holsteins from an average of 5.4 min. per cow to 3 min. per cow without 
causing a decrease in yield or an increase in the amount of hand strippings. 

It was suggested by Foot (6) as early as 1935 that the rate of milk flow dur- 
ing machine milking is a characteristic of the individual cow. This observation 
was supported by a recent report from the Kansas Agricultural Experiment 
Station (1), where it was shown that cows differ in their response to standard 
methods of machine milking in a highly repeatable characteristic fashion. Fur- 
thermore, it has been demonstrated in two separate experiments by Dodd and 
Foot (4, 5) that the milk flow characteristics of dairy cows are not changed ma- 
terially by a reduction in milking time. Obviously, these experimental results 
are not in agreement with the observations that most cows can be trained to milk 
out in the same length of time. 

Whittleston (10) graphically recorded the milk flow curves of 12 cows at 
weekly intervals throughout the lactation period. He found that the average 
rate of milk flow declined toward the end of the lactation period, but the time 
required to milk did not increase. Dodd (3) found that both the time required 
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to milk and the milk flow rate declined with the progressive reduction in milk 
yield within a lactation. 


EXPERIMENTAL PROCEDURE 


Throughout this study a standard, upright, pail-type milking machine was 
used. This machine was operated with the recommended 15-in. vacuum in the 
pipeline and at a controlled rate of 48 pulsations per minute. The machine was 
maintained in good mechanical condition, and the rubber parts were replaced 
whenever they showed signs of checking or stretching. 

A standard procedure was followed in milking the cows. Milk let-down was 
stimulated by wiping the teats and floor of the udder for about 20 sec. with a 
heavy flannel cloth wrung out of warm chlorinated water. This was followed 
by stripping two or three full-hand squeezes of milk from each quarter into a 
strip cup. A time interval of approximately 1 min. elapsed between stimulation 
and application of the teat cups. The rate of milk flow was measured graphically 
through the use of a continuous feed kymograph, as previously described (1). 

Over a 3-yr. period from 1946 to 1949, graphic milk flow measurements were 
obtained from 102 cows of the Ayrshire, Guernsey, Holstein and Jersey breeds 
in the College herd, during their peak production period, 2 to 3 mo. after freshen- 
ing. Records were obtained from 48 cows, including all four breeds, during the 
early, middle and late stages of lactation. The second and third months of lac- 
tation were defined as early, the fifth and sixth months as middle and the ninth 
to twelfth as late. Three milk flow measurements were obtained from each 
cow during each of the lactation stages mentioned. This number was considered 
adequate in view of the high repeatability of the milking performance, as ob- 
served in a previous study (1). Measurements were taken only during the eve- 
ning milking. 

RESULTS 


Variations among cows. A total of 306 graphic milk flow records were ob- 
tained from 102 cows during their peak production period. The average yield 
of these cows during the evening milking was 16.7 lb. of milk, ranging from 11.0 
to 31.0 lb. Variations in the time required to milk, or machine time, ranged from 
2 to 7 min., with an average for all milkings of 3.5 min. per cow. Approximately 
76 per cent of the cows milked out in 4 min. or less, but only 39 per cent milked 
out in 3 min. or less. 

The average rate of milk flow in pounds per minute varied from 2.5 to 8.9, with 
about 73 per cent of the measurements falling within the range of 3 to 6 lb. 
inclusive. The maximum rate of flow varied from 3.4 to 12.8 lb., inclusive, per 
minute, with about 80 per cent of the measurements ranging from 4 to 10 lb. 

Variations between breeds. The group of cows studied included 27 Ayr- 
shires, 20 Guernseys, 25 Holsteins and 30 Jerseys. Breed averages for milk 
yield, average rate of flow, maximum rate of flow, per cent of the yield obtained 
at 2 min. and machine time are presented in table 1. The methods of deriving 
these numerical measures and their use in interpreting milk flow curves were 
discussed in a previous paper (1). 
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The data were treated statistically by first applying the analysis of variance 
(9). This showed that there were highly significant differences between breeds 
in average rate of flow, maximum rate of flow, per cent of the yield obtained at 
2 min. and machine time. The t-test (9) was employed to determine the sig- 
nificance of differences between any two breeds for a given measurement. 

In average rate of flow the Holstein breed differed significantly from the 
other three breeds, exceeding the Jerseys about 27 per cent, the Ayrshires about 
35 per cent and the Guernseys about 65 per cent. Differences between the Jersey 
and Ayrshire breeds were well within sampling error, and hence not statistically 
significant. Both of these breeds differed significantly from the Guernsey breed. 

Likewise, in maximum rate of flow the Holsteins differed significantly from 
the other three breeds, exceeding the Jerseys about 24 per cent, the Ayrshires 
about 38 per cent and the Guernseys about 63 per cent. In maximum rate the 


TABLE 1 


Breed differences in rate of milk flow and duration of milking as measured by graphic milk 
flow recordings obtained during 306 milkings of 102 cows at 1 to 3 mo. of lactation 


tate of Per cent 
Milk of Machine 
No. of ields machine ti 
Breed 7 y yield ime 
cows (average/ A (average/ 
milking) Aver- Maxi- obtained ilkin 
age mum in first 
2 min. 
(1b.) (1b./min.) (-nin.) 
Holstein 25 20.1 6.1], 9.3],, 76 3.3 
Jersey 30 14.8 4.8 7.5 80 3.1 
Ayrshire 27 16.9 4.5], 6.7], 68 |** 3.7 
Guernsey 20 15.3 3.7 62 4.1}* 
All Breeds .......... 102 16.7 5.0 7.4 72 3.5 


* Indicated difference significant at P < 6.05 level. 
** Indicated difference significant at P < 0.01 level. 


Jersey breed exceeded the Guernseys by about 31 per cent, which was highly 
significant. Differences between the Jersey and Ayrshire breeds and between the 
Ayrshire and Guernsey breeds, however, were not significant, according to the 
t-test. 

Even though the rate of milk flow was faster from the average Holstein than 
from the average Jersey, the difference in machine time was not statistically 
significant ; in fact, the Jerseys milked out slightly faster than the Holsteins. 
This can be attributed to differences in yield, since the average milk yield for the 
Holsteins was 36 per cent higher than for the Jerseys, whereas the average rate 
of flow was only 27 per cent higher. ; 

The breeds ranked in machine time as follows: Jersey, Holstein, Ayrshire and 
Guernsey. The average difference between the Jersey and Holstein breeds was 
not significant, but either of these breeds compared with the Ayrshire and 
Guernsey breeds showed highly significant differences. The average machine 
time for the Jerseys was 24 per cent less than for the Guernseys, yet the average 
milk yield for the two breeds was about the same. The average difference in 


RESPONSE TO MACHINE MILKING 601 


machine time of 0.4 min. between the Ayrshire and Guernsey breeds was signifi- 
cant at the 5 per cent level. 

Upon computing the percentages of the total yields obtained during the first 
2 min. of milking, it was found that an average of 80 per cent of the milk was 
obtained from the Jerseys, 76 from the Holsteins, 68 from the Ayrshires and 62 
from the Guernseys. This is in general agreement with the rank of the breeds 
in machine time. 

Implication of heritable differences within breeds. Daughters of 31 sires 
were included among the 102 cows from which graphic milk flow records were 
obtained during the high production period. Only 14 of these sires had more 
than one daughter included in this study. With such fragmentary data it is 
impossible to show conclusive evidence, but the available data indicate that 
milking speed may be an inherited characteristic. It was shown, by analysis of 
variance, that there were statistically significant differences in the speed of milk- 
ing that could be attributed to the sires within a breed. 

To illustrate these differences the per cent of the milk yield obtained during 
the first 2 min. of milking has been selected. Individual deviations from the 
breed average for this characteristic are presented, by sire groups, in figure 1. 
The influence of the sire in groups C, D, F and @ is especially noteworthy. 
Eight of the nine daughters in group C were below breed average in milking 
speed. It is interesting that the dam of cow 9, the only cow in group C to exceed 
the breed average, was cow 10 in group D, one of the fastest-milking Holsteins 
measured. In group D cow 1, the slowest milker in this group, was a maternal 
half sister to cow 1 in group FE, who also was the slowest milker in that group. 
In group G@ cows 13 and 14, the only cows in this group to exceed the breed 
average appreciably, were three-quarter sisters. 

The largest variations among daughters of the same sire were found in the 
Guernsey groups H and J. The dam of cow 6 in group H was the granddam of 
cow 7 in the same group. The dam of cow 4 in group I was cow 6 in group H. 
Since these three cows were unusually fast milkers, it is of interest to note their 
close relationship. : 

Variations between different stages of lactation. A total of 144 graphic milk 
flow records was obtained from 48 cows during each of three (early, middle and 
late) stages of the same lactation period. Averages for milk yield, average rate 
of flow, maximum rate of flow and machine time at the three stages of lactation 
are presented in table 2. The average per cent of the yield obtained at 2 min. 
was omitted, because some of the cows milked out in less than 2 min. during the 
middle and late stages of lactation. 

The machine time for all milkings combined averaged 3 min. per milking. 
It ranged from 1.5 to about 7 min. per milking, with about 18 per cent of the 
milkings completed in 2 min. or less, 47 per cent in 2 to 3 min., 21 per cent in 
3 to 4 min., 8 per cent in 4 to 5 min. and 6 per cent in 5 to 7 min. 

Statistically significant differences were found in the rate of milk flow and 
the machine time among the three different stages of lactation. Although there 
was a 33 per cent reduction in the average milk yield from early to mid-lactation, 
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Fic. 1. Milk flow rates of paternal half-sisters compared with the respective breed 
averages. 


the maximum rate of flow was only reduced nine per cent and the average rate 
of flow about 13 per cent. From early to late lactation the average yield de- 
creased 64 per cent while the maximum rate of flow was reduced only 38 per 
cent and the average rate of flow 48 per cent. Since the decrease in rate of flow 
was not so great, proportionately, as was the decrease in yield, a reduction in 
milking time could be expected. 

The average machine time decreased from 3.7 to 2.8 min. per milking, or 
about 24 per cent, from early to mid-lactation. From early to late lactation the 
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average machine time decreased 1.2 min. per milking, or about 32 per cent. The 
reduction in rate of flow and machine time within the lactation period was rela- 
tively consistent between breeds, as shown in table 2. 

Whittleston (1) found that the starting time, that is, the time elapsing before 
a substantial flow of milk is reached, tended to increase and become erratic dur- 
ing the later stages of lactation. In this experiment, however, only four of the 
48 cows were consistently slower in starting time during the late stage of lacta- 
tion. Starting time was measured from the time of application of the machine 
to the beginning of the maximum rate of flow. In general, there was a slight 
but non-significant decrease in starting time in late lactation. 


TABLE 2 


Differences in the rate of milk flow and the duration of milking at different stages of lactation, 
as measured by 432 graphic milk recordings obtained from 48 cows during 
the early, middle and late stages of lactation 


Breed, Stage of Milk yield Rate of flow Machine 
No. cows lactation (Av./milking) 
Average Maximum (Av./milking) 
(1b.) (lb./min.) (min.) 
All Early 17.0 **4.6 
breeds Middle 11.3 **4.0 “26.7 
(48) Late 6.1 **2.4 **4,.6 **2.5 
Holstein Early 20.0 6.1 10.1 3.4 
(10) Middle 13.4 5.7 9.2 2.4 
Late 6.6 3.1 6.4 2.2 
Jersey Early 15.6 5.1 7.9 3.1 
(16) Middle 10.0 3.9 6.5 2.6 
Late 6.1 2.7 4.6 2.2 
Ayrshire Early 17.7 4.2 6.2 4.2 
(12) Middle 12.0 3.9 6.1 3.1 
Late 6.1 2.3 3.8 2.6 
Guernsey Early 15.6 3.7 5.4 4.7 
(10) Middle 10.6 3.2 5.1 3.4 
Late 5.8 2.3 3.8 3.1 


**P < 0.01 (Highly significant). 


No significant changes were noted in the amount of machine and hand strip- 
pings at the three different stages of lactation. Since the yields of machine and 
hand strippings remained about the same, a greater proportion of the total yield 
was obtained as strippings during the late stages of lactation. 

Breed differences remained relatively constant in later stages of lactation. 
The rankings of breeds according to average and maximum rates of flow were 
the same throughout the lactation. Likewise, in machine time the Holstein and 
Jersey breeds were faster milking breeds at all three stages of lactation, with the 
Ayrshires and Guernseys following in that order. 


DISCUSSION 


In view of the wide variations noted among cows in their response to standard 
methods of machine milking, it appears that the milking program should be 
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designed so that the machine operator has freedom to handle each cow as an 
individual rather than regiment her in an inflexible system of milking. It does 
not seem that a timed milking program can be adopted as a universal practice. . 
If a 3-min. timer were used, as was recommended by Zehner (11) and Hopson 
(7), the machine would be left on some cows longer than necessary, especially 
cows that are well along in their lactation period. In other cases, the machine 
would not be left on long enough, unless cows can be trained to milk out at a 
faster rate. The experiments of Dodd and Foot (4, 5), together with a pre- 
liminary unreported investigation at this station, show definite limitations in 
training slow milking cows to respond at a faster rate. 

The results herein reported indicate that the speed of milk withdrawal is 
an inherited characteristic. Significant differences were obtained not only be- 
tween breeds, but also between sire families within a breed. Thus, it seems 
reasonable that fast uniform milking must be accomplished, primarily through 
breeding and selection, and not by so simple a measure as the adoption of a cer- 
tain milking procedure. The basic physiological and anatomical factors involved 
in controlling the rate of milk flow from the udder are not well known. With 
a better understanding of these factors their mode of inheritance could be es- 
tablished more easily. 


SUMMARY 


Under standard machine milking conditions the time required to milk 102 
cows of the Ayrshire, Guernsey, Holstein and Jersey breeds during their peak 
production period ranged from 2 to 7 min. per cow. The average milking time 
amounted to 3.5 min., with about 76 per cent of the milkings completed in 4 
min. or less, and 39 per cent in 3 min. or less. 

Highly significant breed differences were observed in the response of cows 
to standard methods of machine milking, as measured by milk flow curves ob- 
tained from 102 cows during early lactation, and from 48 cows of this larger 
group during the subsequent middle and late stages of lactation. 

(a) In both average and maximum rates of flow the breeds ranked from high 
to low as follows: Holstein, Jersey, Ayrshire and Guernsey, with the 
greater differences occurring between the Holsteins and the other three 
breeds. 

(b) In machine time the Holsteins and Jerseys were similar, with both breeds 
milking out significantly faster than the Ayrshires and Guernseys, in 
that order. 

Statistically significant differences in the speed of milk withdrawal were ob- 
tained between daughters of sires within a breed, indicating that this is an 
inherited characteristic. 

From 432 milkings of 48 cows during the early, middle and late stages of 
lactation, it is concluded that both the milk flow rate and the time required to 
milk decline during the lactation period. The average machine time decreased 
about 24 per cent from early to mid-lactation and about 32 per cent from early 
to late lactation. 


(1) 


(2) 
(3) 
(4) 


(5) 


(6) 
(7) 
(8) 
(9) 
(10) 


(11) 
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A LABORATORY SILO AND ITS USES 


A. E. PERKINS! anp A. D. PRATT 


Ohio Agricultural Experiment Station, Wooster 


The products of the ensiling process are the result of many influences operat- 
ing together. Experimentally, the effects of individual influences are difficult or 
impossible to trace with large silos. While such effects might be more readily 
determined in small or laboratory-scale silos where conditions could be more 
readily controlled, few such studies have been made. 


Fic. 1. A pair of the laboratory silos in operation. Pressures ranging from 1 to 16 
Ib./in.2 were used and crops ranging in dry matter from 18 to above 50% were studied. 


Silage density is known to increase progressively from the top to the bottom 
of large silos and is known to be influenced by the dryness or maturity of the 
crop, by the, particle size and, in the case of corn, by the grain content. How- 
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ever, little is known of the individual effect and extent of these separate influ- 
ences. 

Numerous statements have been made regarding the magnitude of fermenta- 
tion losses, but inclusion of evaporation losses and failure to prevent loss of heat- 
volatile ingredients during chemical analysis make most of these statements 
untenable. Accurate information about fermentation loss is important so that 
comparisons of losses in silage making with those of hay making may be made. 

Farmers have become resigned to the seepage that results from the ensiling 
of immature or wet crops, but they have little information on the contents of the 
liquid or the effects of seepage on the composition of the resulting silage. 
Virtanen (10) introduced the use of mineral acids as silage preservatives in an 
effort to reduce seepage losses from silage made from immature pasture greens. 

Limited experimental work regarding leakage from corn silage had been pub- 
lished prior to 1935, but the problem of leaky silage assumed new importance 
when immature meadow crops were ensiled more frequently. Equipment and 
procedures were developed at the Ohio Agricultural Experiment Station pri- 
marily for the study of liquid losses with different crops over a wide range of 
conditions. This equipment is described and its use is discussed. 


EQUIPMENT 


One unit of this equipment, designated as a laboratory silo, is shown in fig. 1. 
It consisted of a portion of 6-in. steam pipe about 18 in. long threaded into a 
flange that was in turn mounted by means of bolts and a sealing compound on a 
smooth, heavy plank that served as the base of the silo. A drain was provided at 
the center of the silo in the form of a 0.375-in. galvanized pipe, which penetrated 
and was sealed into the support. A pint or quart screw-top Mason jar was sus- 
pended from the lower end of this pipe to catch seepage. A perforation of suit- 
able size in the metal screw jar lid and a perforated rubber stopper forced over 
the end of the pipe provided the means of suspension. 

Each of the silos was provided with a loosely fitted plunger. The first plunger 
was made of hardwood and was oiled. A more satisfactory one was made of 
waterproof plastic. The plunger was mounted on a central downward projec- 
tion of a frame made from 0.75-in. iron pipe (fig. 1) by means of a floor flange. 
The pressures were applied to the surface of the ensiled crop through the plunger 
and were varied by increasing or decreasing the load. The load consisted of 
common brick of uniform size, weighing 5.5 lb. each, carried on a wooden plat- 
form suspended beneath the plank base. 

The frame and platform weighed about 25 lb. and when placed in position 
without additional weights were equivalent to a pressure of about 1 lb. per 
in.? on the surface of the silage. 

Each of the frames, which carried the platform and weights, was marked on 
a horizontal line corresponding to the bottom of the plunger. These marks indi- 
cated the surface of the silage when the plunger was in position. The frame and 
platform were capable of carrying a weight exceeding 500 lb. without distortion. 
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This is equivalent to a surface pressure of 20 lb. per in.?, a pressure seldom 
reached in the bottoms of farm silos and rarely applied in these experiments. 

The vertical distance from each of these marks, to an extension of the plane 
which includes the silo base was carefully measured to the nearest millimeter to 
establish the depth of the material in the silo. The extension of the plane of 
the base of the silo is made with a T-square while the depth measurements are 
made with a meter stick. 

Two covers of rnbber matting, or felt roofing, notched on one side were pro- 
vided for each silo. They fitted snugly about the pipe leading to the plunger 
and overlapped widely at the center. In use, they were weighted with brick 
(fig. 1) or with cireular iron weights which rested on the circumference of the 
cylinder. These covers greatly reduced, though they did not entirely prevent, 
loss by evaporation from the silage surface. 

A later modification of the laboratory silo consisted of heavy walled cylindri- 
eal jars of Pyrex glass with glass bottles as plungers and was satisfactory, espe- 
cially at the lower range of pressures. 

The equipment consisted of 18 units similar to that seen in fig. 1 except that 
the cylinders were of steel tubing with a baked-on glass lining”, which was highly 
uniform. The bottom plate, 0.3 in. thick and glass coated, was fastened to the 
flanged bottom of the cylinder by machine screws and made air- and liquid-tight 
by a rubber gasket. This silo was conveniently weighed without removal of the 
contents. Any liquid pressed from the silage and appearing above the plunger 
was removed with a pipette for weighing. 


EXPERIMENTAL PROCEDURE 


The internal diameter and cross sectional area of each silo were determined 
and recorded in advance of use. Simple measurements of depth at any time of 
observation sufficed to give the volume of ensiled material at that time. The 
material to be ensiled was chopped to the desired particle size and a weighed 
amount, usually 4 kg., was placed in the silo. The frame carrying the plunger 
and weight platform then was placed in position and the initial depth of ma- 
terial recorded. Additional weights required for the individual experiment then 
were placed on the hanging platform. 

Depth readings were made at regular intervals and accumulated seepage was 
weighed. Repeated determinations of the specific gravity of seepage juice varied 
little from 1.03 and this value may be used to convert volume to weight. In 
earlier experiments, when only two silos were available, if leakage ceased at one 
pressure, additional weights were added and the resulting leakage and volume 
shrinkage were recorded. This procedure permitted collection of more data from 
a single filling of the silos, but had its limitations. Additional silos later per- 
mitted maintenance of the original weight to the end of the experiment or usually 
40 days during each growing season. 

At the conclusion of an experimental period, the weights and plunger were 


2 These improved cylinders were supplied through the courtesy of the A. O. Smith Corp., 
Milwaukee, Wisconsin. 
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removed and the top spoilage and good silage were removed and weighed sepa- 
rately. The proportion of top spoilage was seldom excessive. Frequently, 
experienced observers commented that the silage was typical and of high quality. 
In the later experiments the silages were scored on physical condition, color, 
taste and odor by several experienced workers. Dry matter determinations were 
made on the crops, and chemical analyses were made of representative silages. 

The density of the silages was found by dividing the weight in pounds by 
the volume in cubic feet. All weights and measurements were made in metric 
units for accuracy but were converted to pounds and inches for tabulation. 
Determinations of density were made at any time by measuring the depth of the 
silage in the silo and weighing the contents. This determination was obviously 
accurate in principle. Quick calculations of density were made at various times 
by deducting the weight of all seepage up to that time from the initial weight. 
Density as calculated was greater than that actually determined by volume and 
weight determinations. Fermentation and evaporation losses not accounted for 
in the calculations were responsible for the greater calculated densities. 

Materials ensiled. As previously stated, an objective in this series of studies 
was to determine when leakage would probably occur from farm crops of differ- 
ent stages of growth and the amount of leakage over a range of pressures likely 
to be encountered in farm silos. 

Exact pressures at different depths in farm silos are not known because an un- 
known proportion of the weight of the silo contents may be carried by arching 
to the walls. However, calculations based on the dead weight of superimposed 
material would indicate pressures up to 12 lb. per in.” near the bottom of a 36-ft. 
silo and proportionately more in deeper silos. Obviously, the pressure at the 
surface is zero and all intermediate gradations occur. The 16 lb. per in.? maxi- 
mum pressure used in these studies was probably in excess of the pressures exist- 
ing in farm silos. 

Corn and meadow crops were ensiled at very early stages of maturity and in 
very late stages and at several intermediate points. The meadow crops listed in 
table 6, consisted of all plants growing in the meadow but were largely of the 
species indicated. Some crops were relatively pure stands. 


RESULTS 


The data presented herewith show the adaptability of the laboratory silo in 
silage-making technique. The data on the loss of liquid from ensiled crops are 
averages of several values and are assembled in table 1. The data are arranged 
to show the respective effects of applied pressure and dry matter content of the 
crops on the occurrence and extent of leakage. A heavy loss of liquid occurred 
from materials of 14-18 per cent dry matter, even when the applied pressure was 
low. In general, the amount of leakage increased directly as the pressure in- 
creased, 

With the increase of dry matter content as the crops advanced in maturity, the 
amount of liquid loss became decidedly less or disappeared altogether at the 
lowest pressures, while some loss still occurred at the higher pressures. In the 
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group of samples that had a dry matter content of 32 per cent or above, no loss 
of liquid was observed at any pressure, although the higher pressures probably 
exceeded those prevailing in farm silos. The behavior of the corn and meadow 
crops in this respect has been similar. 

Determinations were made of the dry matter content of the liquid lost by 
seepage from the ensiled crops. The observed values in the case of the meadow 
crops were between 6 and 7 per cent, and in the case of ensiled corn approxi- 
mately 8 per cent. A typical wet-season, immature meadow crop of 18 per cent 
dry matter when under 8 lb. pressure lost liquid equivalent to 30 per cent of 
the original crop weight. This liquid contained 6 per cent dry matter or the 
dry matter loss based on the original crop weight was 1.8 per cent, which does 


TABLE 1 


Grams of seepage from 4 kg. of silage at different levels of dry matter content and 
with different rates of pressure applied 


Seepage at pressures (Ib./in.2) of: 


Ranges of 

dry matter 2 4 6 8 10 12 16 
(%) (9:) (9-) (9-) (9-) (9-) (9-) (9-) 

CORN 

14.0-18.0 93 . 198 450 788 1,173 

18.5-22.5 0 61 382 360 

23.0-27.0 67 258 278 569 680 

27.5-31.0 45 195 

32.0-39.5 0 0 0 0 

MEADOW CROPS 

15.5-18.0 1,191 1,168 

18.5-22.5 418 751 1,063 1,266 

23.0-27.0 72 656 1,026 

27.5-31.0 0 0 119 207 273 287 

32.0-38.5 0 0 0 


No entry signifies no observation 
0 indicates an observation but no leakage 


not seem important. As the dry matter content of the crop was only 18 per cent, 
it follows that the leakage contained 10 per cent of the dry matter. In practice 
not all the silage would have been at 8 lb. pressure, hence the proportion of leak- 
age might have been smaller. However, the loss was of sufficient magnitude to 
demand attention and to be avoided if possible. 

The simplest way to avoid the loss of liquid through seepage and also the 
low quality silage which often accompanies such a condition (2, 7) is to ensile the 
material at a high dry matter level. As explained (7), this may be done by wait- 
ing for better weather and greater maturity of crop, by field wilting or by the 
addition of dry material. The farmer often contends that he has no way of 
knowing the dry matter content of his crop. The data of tables 2 and 3 should 
be useful in this connection. Other Ohio publications (3, 5) have described 
simple methods of dry matter determination. Woodward (11) also has published 
a method to determine whether or not crops will leak when ensiled. 
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Table 1 shows that corn ensiled at a period of growth earlier than the denting 
or glazing stage of the grain is likely to leak badly in the lower portion of any 
silo but especially in the taller ones. The great food-creating capacity of the 
corn plant at this growth stage is lost if the plant is cut too early. High quality 
in the silage likely will be sacrified also. 

Similar data on meadow crops are presented in table 1. Different species of 
plants vary greatly in dry matter content at corresponding stages of growth and 
this makes exact description of the growth stage more difficult than with corn. 
The influence of weather and other growing conditions, the time of day that the 
crop is harvested and the presence or absence of surface water from rain or dew 
also considerably influence the dry matter of the meadow crop as ensiled. 

Table 1 indicates that if meadow crops are to be harvested much before the 
full-bloom stage of alfalfa and clover, or are cut when wet, they need additional 
dry matter to avoid leakage. Methods of doing this have been suggested pre- 
viously (3, 7). Experience with a large number of full-sized silos likewise has 
shown that the silages made from materials of high dry matter content are likely 
to be superior in quality to those made from the very wet materials, i.e., those 
below 25 percent dry matter. While the materials in the 25 to 30 percent dry 


TABLE 2 
Density of corn silage as affected by the amount of pressure applied and 
by stage of growth of crop 


Density under pressures (Ib./in.2) of: 


Growth Av. 
stage of corn dry matter 9-4 6-8 10-12 14-16 
(%) (lb./ft.s) 
Tassel and silk 16.1 43.8 49.8 58.7 
Milk or roasting ear 19.4 46.4 51.6 54.6 
Dough and glazing 25.8 49.0 51.0 55.0 56.2 
Mature, or nearly so ‘36.1 40.7 46.8 


matter group may undergo some leakage in the deepest silos, the loss will not be 
of serious proportions, and no loss with them is likely in the ordinary silo or in 
the top portion of any silo. The prospects of securing high quality silage are 
also much better at that dry matter level regardless of the use of special treat- 
ments or added preservatives. 

The densities of corn silage as determined in these silos are presented in 
table 2. With individual exceptions, increasing density occurred with increasing 
maturity of crop except at the later stages of maturity when it definitely declined. 
This increase in density may have been due to the effect of the development of 
the grain until the final stage when this influence was apparently exceeded by 
the decided increase in dryness of the crop. At each stage of maturity the 
density increased with increased pressure. 

Similarly, densities of the meadow crop silage are presented in table 3. The 
density definitely decreased in the most nearly mature group of meadow crops. 
The data are more variable than in the corn plant but in the main follow the 
same trends. Some of the irregularities of table 3 are probably due to the diver- 
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TABLE 3 
Effect of pressure and maturity, or dryness, of crop on the density of silage from meadow crops 


No. Density under pressures 
silages Approximate growth Dry matter (1b./in.2) of: 
in stage of crop 
group Range Av. 2 4 8 12 16 
(%) (lb./ft.s) 
1l Pre-bloom stage 15.5-20 17.9 41.3 57.8 57.7 60.0 60.5 
19 Early bloom stage 20.1-25 22.8 55.55 53.6 58.6 57.4 64.7 
13 Full bloom stage 25.1-30 28.0 49.8 45.0 53.5 57.4 60.9 
27 Late bloom to seed 30.1-54 39.0 35.3 39.9 443 51.3 50.6 
or wilted 


sity of meadow crops ensiled (see table 6). Plant species were not equally repre- 
sented at the different stages of maturity shown in table 3. A study of the densi- 
ties in tables 2 and 3 indicates that with the same dry matter content meadow 
crops pack tighter than corn, although the difference is not as great as popu- 
larly believed. 

The dry matter density or pounds of dry matter per cubic foot is presented 
in tables 4 and 5. In the case of both corn and meadow crops the increase of 


TABLE 4 


Effect of applied pressure and stage of growth of corn on the density of corn silage 
expressed in pounds of dry matter per cubic foot 


Density under pressures (lb./in.2) of: 


Growth Average 
stage of corn dry matter 2-4 6-8 10-12 14-16 
(%) (Ib./ft.2) 
Tassel and silk 16.1 7.05 7.99 9.49 
Milk or roasting ear 19.4 8.99 9.99 10:61 
Dough and glazing 25.8 12.67 13.17 14.17 14.48 
Mature, or nearly so 36.1 14.67 16.85 


dry matter density with increased pressure and greater maturity of crop was 
much more regular than the corresponding increase of total density. This same 
relationship has been noted by Shepherd and Woodward (8) in estimating the 
capacity of large silos. 

Other losses. In addition to top spoilage and leakage which can readily be 
seen and weighed, other losses shown only by loss in weight occur in silage mak- 


TABLE 5 
Effect of applied pressure and stage of growth of meadow crop on the density of silage 
Geowth Density under pressures (lb./in.2) of: 
stageofcrop dry matter 9 4 8 12 16 
(%) (1b./ft.3) 

Pre-bloom 17.9 7.37 10.36 10.36 10.74 10.86 
Early bloom 22.8 12.67 12.10 13.36 13.11 14.73 
Full bloom 28.0 13.92 12.61 14.98 16.10 17.04 
Late bloom to 39.0 13.73 15.54 17.29 19.41 19.72 


seed or wilted 


= 
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ing. Camburn et al. (1) have designated these as ‘‘intangible’’ losses. Under 
usual conditions a moist silage surface is exposed to evaporation during the en- 
tire time the material is in the silo so most of the commonly-observed weight loss 
ean be accounted for in this way. Fermentation in the silo is accompanied by 
the formation of CO, and evolution of heat. The extent of the loss of dry mat- 
ter or food materials due to fermentation is not well known, but probably has 
been greatly exaggerated due to the use of faulty analytical methods (6). Losses 
of water by evaporation from ensilage or losses of organic acids during chemical 
analyses would appear as fermentation losses. 

Losses in weight other than those due to leakage and top spoilage have been { 
determined on a variety of crops and are summarized in table 6 and designated 
as ‘‘intangible’’ losses. Other than the evaporation of water, these losses prob- 
ably consist mostly of the CO, given off during silage formation and of small 
amounts of other gasses from the decay of the top spoilage. While evaporation 
was controlled in varying degrees in this study, it was by no means eliminated. 


TABLE 6 
Intangible losses of silage making in experimental silos with a variety of crops 
No. of Percentage loss 
rop 

Tests Range Av. 
Soybeans 5 3.32-5.12 4.20 
Red clover 5 3.27-4.92 3.90 
Alfalfa 4 3.04-5.85 4.27 
Alsike clover 2 3.20-4.12 3.66 
Timothy 2 3.45-3.72 3.58 
Lawn clippings 4 2.37-5.53 4.45 
Green oats 3 4.30-4.95 4.71 
Sweet corn stover 6 2.95-5.70 4.08 
Corn 18 1.66-7.10 4.22 


Over-all weighted average loss 4.18% 


It must follow that the actual fermentation loss from the unspoiled portion of 
the silage is less than the values shown which represent the sum of these various 
losses. The total intangible losses shown in table 6 are decidedly less than values 
which frequently are cited as the unavoidable fermentation loss of silage making 
(1, 4,9). The objection may be raised that the observation periods used in this 
study were too short to show the full extent of fermentation loss. 


SUMMARY 


An experimental silo and procedures have been described by means of which 
pressures and other conditions that prevail at different levels in large silos can 
readily be simulated. 

Preliminary results are presented showing that the heavy pressure found in 
the lower portion of large silos is largely responsible for liquid losses that often 
accompany silage making. The amount of pressure also affects the final density 
which the silage attains. . 

The maturity or dry matter level of the crop ensiled exerts a marked effect 
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both on liquid loss and silage density. Variations of crop species show less influ- 
ence than stage of maturity in these respects. 

Leakage from the silage is not only a nuisance but may represent a heavy 
loss of nutrients. 

The total weight loss, including considerable loss by evaporation, was found 
in this study to be much less than the commonly accepted value for the fermenta- 


tion loss of silage making. 
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FEED YEAST FROM DAIRY BY-PRODUCTS' 


NANDOR PORGES, JANET B. PEPINSKY AND LENORE JASEWICZ 
Eastern Regional Research Laboratory,2 Philadelphia 18, Pennsylvania 

The possibility of producing feed yeast from dairy by-products and wastes 
was suggested from a previous study on the biochemical oxidation of dilute dairy 
waste. In that investigation Saccharomyces fragilis removed the lactose and 
casein, leaving in the effluent only a small amount of the original organic matter 
(10). As shown by Whittier (20) and Webb and Whittier (18), the use of whey 
in various fermentations is not novel, but its practicability depends upon 
economic considerations and the availability of suitable organisms. Various 
yeasts ferment lactose to aleohol (1, 11, 19), and details of such a process using 
Torula cremoris have been published (13). Good yields of whey yeast have been 
obtained with 8S. fragilis (2); in Germany, whey yeast plants operating in con- 
junction with dairies use Torula species (5). 

Yeasts, that grow on dairy products are higher in protein and amino nitrogen 
than other yeasts ; they also are high in ascorbic acid, thiamin and riboflavin (14). 
Riboflavin apparently is synthesized by yeasts that utilize lactose (12). Thus, 
the propagation of yeasts upon whey, skimmilk and dairy wastes may offer a 
means of obtaining an enriched feed supplement from soluble dairy products and 
at the same time reduce the pollution load. 


PROCEDURES 


Powdered skimmilk and powdered whey of the average composition shown in 
table 1 were dissolved in distilled water to the desired concentrations. All propa- 
gations were conducted at 30° C. Cultures used as inocula were cultivated for 
65 hr. in Roux flasks containing 150 ml. of the indicated medium prior to use as 
seed. Filtered air was passed through the larger propagators at the rate of one 
volume of air per volume of fermenting solution per minute. 

Determinations were made for lactose (16), protein (7), chemical oxygen 
demand as a measure of organic matter (9), dried centrifuged solids and direct 
yeast count. 

Contamination was controlled by addition of 1 ml. of concentrated nitric acid 
for every 2 1. of solution in the fermentor when contamination was noticed. Such 
treatment, which does not seem to interfere with the growth of yeasts, is used for 
controlling infection at the Wiirttemberg whey yeast plant (5). 


EXPERIMENTAL 
Comparison of yeasts. A number of yeast cultures* grown on 0.1 per cent 


Received for publication Jan. 12, 1951. 

1 Report of a study made under the Research and Marketing Act and presented at the 118th 
Meeting, American Chemical Society, Chicago, Ill., Sept. 3-8, 1950. 

2One of the laboratories of the Bureau of Agricultura] and Industrial Chemistry, Agri- 
cultural Research Administration, U. 8. D. A. 

8 The yeasts were obtained through the courtesy of the Fermentations Division. Northern 
Regional Research Laboratory, Peoria, Ill. 
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skimmilk solutions were used as inocula. Twelve and a half ml. of a culture were 
used to seed 250 ml. sterile 0.1 per cent skimmilk contained in a 500-ml. gas wash- 
ing bottle equipped with a fritted glass disc. After the solutions were aerated 
for 48 hr. at a rate of 125 ml. air per vessel per minute, determinations were made 
to obtain the data presented in table 2. These are the results obtained with a 


selected few of the 20 yeasts examined. 


TABLE 1 
Composition of powdered milk products used 

Skimmilk Whey 
Lactose (%) 50.5 76.5 
Protein (%) 36.9 12.5 
Ash (%) 8.1 6.0 
Moisture (%) 4.5 4.9 
Total solids (%) 95.5 95.0 
Organic solids (%) 87.4 89.0 


S. fragilis, NRRL 1109, gave the highest yield of solids. It removed large 
amounts of lactose and protein from the solution. After the solution was centri- 
fuged, a supernatant solution low in organic matter, as measured in terms of 
chemical oxygen demand (C.O.D.), remained. Candida lypolytica and J. utilis 
utilized only small amounts of these solubles and the solids yields were low. The 
other organisms may find application, but S. fragilis was selected for further 
study and 7. cremoris was used later for some comparative tests. The percentage 
of the original C.O.D. found in the solids (table 2) approximated the percentage 
of total solids recovered as centrifuged solids. It is interesting to note that S. 


TABLE 2 
Action of yeasts on 0.1% skimmilk solution after 48-hr. aeration 


NRRL Lactose COD. Gon golias 


Organism strain used solids recovered 
(%) (%) (%») (%°) 
S. fragilis 1109 79 78 27 50 48 
Z. lactis ........... ai 1114 86 75 25 46 45 
1564 85 71 26 34 39 
T. cremoris re 1131 59 57 34 46 43 
C. lypolytica ...... sii 1094 7 22 82 6 15 
900 0 9 95 5 5 


“Solution had 547 ppm. lactose, 370 ppm. protein and 1,117 ppm. C.0.D. 

> Based on the original chemical oxygen demand of the skimmilk. 

¢ Based on total solids originally in the skimmilk solution. 
fragilis dissipated only about 23 per cent of the original C.0.D., possibly as CO.. 

Higher milk concentrations and ammonium sulfate additions. Addition of 
11.25 ppm. of nitrogen to a 0.1 per cent skimmilk solution inoculated with S. 
fragilis resulted in good removal of organic matter (10). Increasing the milk 
solids as shown in table 3 required additional amounts of (NH,).SO, for more 
complete utilization of the lactose and formation of removable solids. In the 
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24-hr. period, the number of yeast cells increased from 2.9, 7.3 and 14.5 million 
for the respective milk concentrations to the numbers given in the table. Al- 
though skimmilk contains nitrogen, it is apparent that a more readily available 
source is required for increased activity. 

Batch production. Using the fermentor described by Humfield (4), 12-1. fer- 
mentations were made on a 2.5 per cent skimmilk solution and on a 2.5 per cent 
whey solution. (NH,).SO, equal to 281 ppm. nitrogen was added. One 1. of eul- 
ture grown on the skimmilk solution was used for the former, and the same 
volume of culture grown on the whey solution was used for the latter. The yeast 
counts in the fermentor at the start were 9.7 million per milliliter for the milk 
and 3.9 million for the whey, reaching 525 million and 460 million at the end of 
the fermentations 13 and 16 hr. later, respectively. These values are comparable 
to those obtained with S. cerevisiae on grain wort (15). Sugar was utilized as 
rapidly as it was by T. utilis on peanut protein waste water, when 700 ppm. 


TABLE 3 
Action of S. fragilis grown for 24 hr. on skimmilk of different concentrations 
with added nitrogen 
(The % values are based on the amount of that constituent present at the start) 


Skim- Nitrogen Total C.0.D. Increase 
milk added as nitrogen q  Super- in 
solids (NH,) 80, removed natant yeast 
(g./l.) (ppm.) (%) (%) (%) (%) (millions) (fold) 
10 0. 30 26 19 50 49 17 
10 11.3 49 37 24 26 62 21 
10 113. 98 88 50 i 123 42 
25 0. 39 49 13 49 100 13 
25 11.3 46 60 33 32 122 16 
25 282. 98 88 42 13 169 22 
50 0. 49 24 11 56 194 12 
50 11.3 63 48 15 51 250 16 
50 563. 99 83 46 9 290 20 


sugar were consumed in 5 hr. (6). The solids, recovered with a Sharples centri- 
fuge, showed a yield of 46 per cent for skimmilk and 20 per cent for whey. Ap- 
parently, some of the protein in the skimmilk was precipitated at the acidity of 
the fermentation liquor (about pH 4). 

Continuous propagation on skimmilk and whey. A 2-i. fermentor (3) that 
had been employed successfully in yeast production studies on fruit juices (17) 
was used in the following series of experiments. The starter was prepared in the 
fermentor, by aerating gently for 40 hr. the culture contents of one Roux flask 
and the indicated quantities of media. The feed to the fermentor was added from 
a calibrated funnel at such a rate as to keep the sugar in the fermenting solution 
below 10 mg. per milliliter. Antifoam (corn oil and lard) was added when neces- 
sary. The pH was maintained between 4 and 5 by the addition of NH,OH. 

Figure 1 shows the course of a fermentation in a solution containing 50 g. 
of skimmilk and 2.65 g. of (NH,).SO, per liter (530 ppm. nitrogen). The start- 
ing volume was 450 ml. containing 130 million yeast cells per milliliter, or a total 
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of 58x 10°. At the end of the fermentation, 16 hr. later, the direct cell count 
was 514 million per milliliter, which for the 2-1. volume was a total of 1,028 x 10°, 
a 17-fold increase. The pH gradually dropped to 4.2 at the completion of the 
run. The yield of dried recovered solids, when corrected for absorbed antifoam, 
was 45 per cent, based on the total milk solids. A Kjeldahl determination showed 
a protein content of 67 per cent, indicating a portion probably was precipitated 
casein. When the centrifuged solids were treated with NaOH to phenolphthalein 
pink, about one-half went into solution, indicating precipitated protein. 
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PROPAGATION, HOURS 


Fie. 1, Continuous propagation of S. fragilis on skimmilk. fot contained 50 g. solids 
plus 2.65 g. (NH,),SO, per liter. 


A run made on a solution containing 50 g. of whey and 5.3 g. of (NH,).SO, 
per liter (1,060 ppm. nitrogen) proceeded readily. In this case, the starter had 
a volume of 750 ml. and a yeast count of 500 million per ml. In 13 hr. when the 
run was completed, the yeast count was 633 million per ml. The total number of 
yeast cells had increased to 1,265 x 10° from the initial 381 x 10° cells. The dried 
solids showed a corrected recovery of 24 per cent, calculated to the original solids 
present. The protein content was 57 per cent, and treatment with NaOH showed 
the absence of soluble protein. 

Foaming. Foaming was a major difficulty and necessitated constant surveil- 
lance during a propagation. Reference has been made to this same difficulty in 
the German whey plants (5). The low yields obtained in the present trials may 
have been caused by the means taken to control foaming. At times, the rates of 
air flow and agitation were markedly reduced, and the odor of alcohol was dis- 
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tinct. The antifoam agents used were not satisfactory. The silicones worked 
well with a 0.1 per cent skimmilk solution but not in higher solids concentration. 
Combinations of silicone and petrolatum proved ineffective when used in small 
amounts in the batch fermentations. Mixtures of corn oil and lard were not suc- 
cessful in the continuous fermentations because of the large amounts required. 
The removal of the foaming properties by coagulation was unsuccessful in the 
the following experiments. 

Continuous propagation on clarified whey. Whey was clarified by running 
steam into a 20-1. bottle charged with 1,000 g. of whey and 101. of water. Steam- 
ing was continued for 20 min. after the temperature reached 99 to 100° C. After 
cooling and adjusting the whey solution to the 20-1. volume, the precipitated pro- 
teins were removed by filtering through paper pulp. For each 40 g. of lactose 


TABLE 4 
Propagation of S. fragilis on clarified whey 


Yeast count Propagation 

Hour x 107/ml. Lactose lens 
(g-/100 ml.) (ml.) 

0 42 3.63 200 
1 47 1.99 240 
2 44 2.60 330 
4 45 2.16 380 
5 56 1.56 490 
6 47 1.40 580 
7 48 1.22 645 
9 44 .96 730 
10 48 .68 810 
11 49 .92 1045 
12 52 .79 1195 
13 48 92 1305 
14 54 44 1505 


in this solution, 1.2 g. (NH,),HPO,, 3.2 g. (NH,).SO,, and 1.55 ml. 28 per cent 
NH; (2) were added. The NH; was added after the solution was sterilized in 
liter flasks prior to use. 

The cultured contents of three Roux flasks were aerated overnight. The 
yeasts were collected aseptically in centrifuge bottles, and the supernatant was 
replaced with 200 ml. of fresh medium. This served as the starting volume, 
which was increased by additions to a final volume of 1,500 ml. Tables 4 and 5 
show data obtained on runs in which S. fragilis 1109 and T. cremoris 1131 were 
used, 

8. fragilis increased about 10-fold and 7. cremoris about 17-fold; however, 
the latter formed much smaller cells. Again, as shown earlier, S. fragilis utilized 
more sugar. Clarification of the whey did not seem to decrease its foaming 
properties. The rapid C.O.D. test showed that the yield calculated on the sugar 
utilized was 40 per cent, but based on the sugar available the yields were 35 per 
cent and 29 per cent for S. fragilis and T. cremoris, respectively. 
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DISCUSSION 


The use of yeast for the disposal of dilute dairy waste by fermentation does 
not seem feasible. The considerable amount of oxygen-demanding substances 
that remains after the separation of solids still has a high percentage of the ori- 
ginal pollution load. Further, fermentations of this type would require pure 
culture techniques with the necessity of pretreating the dilute wastes. 

On the other hand, the propagation of desirable yeasts on skimmilk and whey 
offers a means of converting the soluble lactose and proteins to insoluble protein- 
aceous material. The water-soluble vitamins found in the by-products are not 
lost but are recovered in the enriched final product (8). Vigorous aeration 
poses a problem when milk products with their high foam-forming ability are 
used as nutrients for the yeast. Improved antifoam substances or fermentation 
equipment of the Waldhof type (5) will be required for efficient yeast produc- 
tion. Foaming is reduced only slightly by boiling whey and removing the coagu- 
lum. 


TABLE 5 
Propagation of T. cremoris on clarified whey 
oe Yeast count Propagation 
Hour x 107/ml. Lactose volume 
(g-/100 ml.) (ml.) 
0 54 3.40 200 
2 56 2.41 385 
3 86 1.90 410 
5 83 1.22 410 
6 84 1.80 620 
8 68 1.46 800 
9 93 1.28 800 
10 110 1.26 875 
11 96 1.64 1060 
12 87 1.41 1270 
13 88 1.39 1400 
14 91 ; 1.37 1500 
15 122 1.19 1500 


The selected yeast, 8. fragilis, grew readily on unclarified and clarified whey 
and skimmilk. The recovered material was high in protein. It had only negligi- 
ble amounts of B,., 2-6y per cent.‘ Yeast yields varying from 24 to 45 per 
cent were obtained from 5 per cent solutions of whey and skimmilk, with about 
40 per cent conversion of the utilized sugar in a clarified whey. The possibility 
is suggested of producing an enriched protein product by such fermentations. 
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BOOK REVIEWS 


284. Organic Reagents for Organic Analysis. 
2nd ed. Hopkins and Williams Research Lab. 
Staff. Chemical Publishing Co. Inc., Brooklyn, 
N. Y. 263 pp. $5.00. 1950. 

This up-to-date review is primarily for those in 
chemical research and analysis. In the Ist part 
the major classes of organic compounds and 
selected reagents for the identification of each 
class are described. Other important reagents, 
along with literature citations, are included. 
detailed discussion of the selected reagents, in- 
cluding the classes of compounds for whose 
identification the reagent is used and the prep- 
aration of derivatives, constitutes the 2nd part of 
the book. Extensive melting-point tables are 
assembled in the last section. Those derivatives 
recommended for certain identification are listed. 
The book is well organized and written in a clear, 
concise manner. R. S. Allen 


285. Principles of Genetics. 4th ed. E. W. 
Sinnott, L. C. Dunn and Tu. DoszHansky. 
McGraw-Hill Book Co., Inc., New York, Toronto, 
London. xiv+505 pp. $5.00. 1950. 

The 4th and extensively revised edition of this 
well known genetics text provides a view of in- 
heritance from the fundamental principles and 
cytological aspects of genetics through sex deter- 
mination, gene physiology, cytoplasmic inheritance 
and genetics of populations and of evolution. 

A brief description of genetics as a science is 
followed by Mendel’s laws and they, by sections 
dealing with gene interactions and the chromo- 
somal basis of inheritance. The style and content 
of this first part are much the same as in the 
previous edition, Sections on chromosomal aber- 
rations and mutation are expanded and precede 
considerations of genetics of populations and of 
race and species formation, which have been 
added to this edition. The sections on sex deter- 
mination, the nature of the gene and its physiology 
and cytoplasmic inheritance are expanded and 
brought up to date. 

Numerous plant and animal examples are 
utilized effectively, and illustrations involving 
human genetics and microorganisms are employed 
more than before, particularly in the discussion 
of genetics of populations. Each chapter is fol- 
lowed by a few selected references pertinent to 
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Prepared in cooperation with the 
International Association of Ice Cream Manufacturers 
and the Milk Industry Foundation 


the subject. Most of the early chapters include 
problems to illustrate fundamentals and_ to 
stimulate genetic thinking. A translation of 
Mendel’s “Experiments in Plant-Hybridisation” 
is included in the appendix. L. D. McGilliard 


BUTTER 
0. F. HUNZIKER, SECTION EDITOR 


286. Vergleichende Versuche iiber die Halt- 
barkeit von Alfabutter und Sauerrahmbutter 
(Comparison trials on the keeping quality of 
Alfa and sour cream butter). English summary. 
R. KeELLERMANN. Die Milchwissenschaft, 4,2: 
40-46. Feb., 1949. 

Keeping quality was compared on butter ob- 
tained monthly over a 1-yr. period from 11 com- 
mercial creameries. Organolepic tests showed that 
chemical deterioration in both the Alfa and sour 
cream butter proceeded at the same slow rate 
when butter was held at 10-12° C. for 20d. On 
further storage, the sour cream butter deteriorated 
more rapidly. 

Most common defects in Alfa butter were oili- 
ness and stratification, whereas in sour cream 
butter the defect metallic—oily—fishy was most 
common. A definite correlation existed between 
the hardness of Alfa butter and its tendency to 
oiling-off; the harder the butter the less the oiling- 
off. I. I. Peters 


287. Karningsforsbk med kemisk syrning och 
aromatisering av smér (Churning experiments 
with chemical souring and aromatization). H. 
Danretsson, Swedish Dairy Expt. Sta., Orns- 
koldsvick, S.M.R. Meddelande no. 13. Nov., 
1949. 

During 1946-1948, records were kept of experi- 
mental churnings, including parallel churnings 
of cream which had been ripened with lactic acid 
culture (A-butter) and churnings from chemi- 
cally acidified and aromatized cream, identified 
as B, C, D butter. The acid mixture was treated 
with antioxidant. The experiments were made in 
6 series at various times of the year, 72 churnings 
in all. The influence of different temperature 
treatments upon the chemically acidified and aro- 
matized butter was noted. The butter was judged 
in Malm6 on 2 consecutive d. when 2 and 4 wk. 
old and after 3 mo. of cold storage. The churning 
efficiency number was determined and the butter 


A49 


A50 ABSTRACTS OF LITERATURE 


was analyzed for moisture content, salt content, 
moisture dispersion, iodine number, consistency, 
catalase, peroxide and pH. The bacteriologically 
ripened and specially salted butter (for pH con- 
trol) had a better flavor and aroma than the B 
and C butter when 2 wk. old, and better than C 
butter when 3 mo. old. In general, the A butter 
was equivalent to the B and C butter. The D 
butter, chemically acidified and aromatized with 
antioxidant added, had the highest quality score. 
This was superior to B and C butter when 2 wk. 
old and better than A and C when 4 wk. old. 
When 3 mo. old, the D butter was better than 
the other butter in the experiments and showed 
a better keeping quality. The chemically acidi- 
fied butter, examined when 2 wk. old, showed 
slightly cooked flavor. This indicated a need for 
attention to the method of pasteurization. 

The experiments proved that chemical acidi- 
fication and aromatization of butter was practical. 
Temperature treatment of the winter cream was 
beneficial for the body, even though the iodine 
number was very low. The cost of using the 
acidification method was 1.24 ore/kg. of butter. 

G. H. Wilster 


288. Mechanical butter dispensing machine. 
T. A. Tiscuter. U. S. Patent 2,544,739. 8 
claims. March 13, 1951. Official Gaz. U. S. 
Pat. Office, 644, 2: 433. 1951. 

A block of butter or similar product is cut 
into small pats by this device and dispensed 
one at a time. R. Whitaker 


289. Bugs in the butter business. H. A. Ben- 
DIXEN, State College of Washington, Pullman. 
Am. Dairy Prod. Mfg. Rev., 13, 3: 16, 26-32. 
Mar., 1951. 

Reduced production of butter has been caused 
by various bugs in the butter business. Political 
humbug, involving price support programs, has 
increased prices, and government storage of best 
quality butter has left a lower quality product 
for the consumer. Both of these policies have 
reduced butter consumption and stimulated oleo. 
—— prices have not been an aid to quality. 

utter people have not made the same effort 
as the oleo manufacturers to improve quality and 
manufacturing conditions. Talk about quality 
improvement has continued for 50 yr. but few 
creameries pay a differential for cream. More 
money has been spent to salvage cream than to 
pay the farmer for quality. If grade C butter 
were relegated to cooking grade it might be a 
real blessing to the industry. 

More economical production and manufactur- 
ing methods are needed. New developments and 
greater utilization of non-fat solids may permit 
cheaper butter. Although butter is capable of 
standing on its own merits, the industry will have 
to act to get the bugs out of the butter business. 

T. J. Claydon 
290. How much butter in Michigan in 1960? 
G. C. QuackEeNnBusH, Mich. State College, East 
Lansing. Am. Dairy Prod. Mfg. Rev., 13, 3: 
2-3, 38-39. Mar., 1951. 
If present trends continue, butter production 


in Michigan may almost disappear within the 
next decade. Under a national preparedness pro- 
gram the demand for dairy products generally 
will continue high. It is likely that milk produc- 
tion in Michigan will increase less than 16% in 
the coming decade. With a probable increase of 
50% in the output of bottled milk, ice cream 
and cheese, and some increase in concentrated 
products, the squeeze will be on butter. In a 
decade the production of butter in Michigan may 
be down to several million pounds. 


T. J. Claydon 
CHEESE 
A. C. DAHLBERG, SECTION EDITOR 


291. Problems in the production of cottage 
cheese. S. L. Tuckey, Univ. of IIl., Urbana. 
Milk Dealer, 40, 6: 46-47, 91-100. Mar., 1951. 
A discussion is given of the following problems 
which must be controlled by the production 
manager if cottage cheese of high quality is to 
be made: (a) Quality of milk, tb) composition 
of milk, (c) proper pasteurization, (d) culture 
control, (e) manufacturing procedures, (f) co- 
agulating agent, (g) cutting acidity, (h) cooking 
methods, (i) washing procedure, (j) standard- 
ization of fat, (k) testing of cream cottage cheese, 
(1) storage of curd and (m) spoilage due to 
microorganisms. Babcock 


292. Cheese manufacture. D. M. Greer and 
J. L. Zink (assignors to Armour and Co.) U. S. 
Patent 2,544,672. 1 claim. March 13, 1951. 
Official Gaz. U. S. Pat. Office, 644, 2: 416. 1951. 
Curd, after the whey has been drained from 
it, is placed in a horizontal cylindrical device, 
which is open to atmospheric pressure and which 
rotates intermittently about its horizontal axis. 
When the device is rotated, the curd is folded 
and dropped and is broken up into smaller 
particles; when not rotated, additional free whey 
is drained off. R. Whitaker 
Also see abs. no. 302. 


CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 


F. J. DOAN, SECTION EDITOR 


293. Condensery price relationships. E. E. 
ViaL, Milk Dealers Assn. of Met. New York, Inc., 
N. Y. Am. Dairy Prod. Mfg. Rev., 13, 3: 10-11, 
37. Mar., 1951. 

Although the Jan., 1951, price paid by conden- 
series for milk was the highest since 1948 ($3.65) 
it was still low in relation to other prices. The 
1950 milk to feed ratio was relatively low. The 
index of the condensery price of milk was only 
58% of the index for meat animals and was the 
lowest ratio in 40 yr. While the index of prices 
of all farm products was 256 in 1950, that for 
condensery milk was 198, making condensery 
prices the lowest on record in relation to prices 
of farm products generally. It is doubtful if the 
level of milk production will continue under such 
a ratio. Even with the late 1950 rise in condensery 
prices the relationship is still low, particularly 
compared with meat animals. These unusual 
price ratios indicate the peculiar type of relation- 
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ship which might be frozen in a general ceiling 
price regulation. T. J. Claydon 


294. Yogurt. N. C. Ancevine, Meyer-Blanke 
Co., St. Louis, Mo. Milk Plant Monthly, 40, 2: 
22-24. Feb., 1951. 

A recommended procedure for the manufac- 
ture of yogurt milk is as follows: Milk containing 
2-3.5% butterfat and fortified with 4-5% extra 
solids is heated to 190-205° F. for 1-1.5 hr. 
Following cooling to 110° F., a 2-3% inoculation 
with yogurt culture is made. The cultured milk 
then is ripened in the final container at 108° F. 
until the acidity reaches 0.95-1.0%. The use of 
homogenized milk and the addition of 5 oz. of 
salt/100 gal. of milk is recommended. 

J. A. Meiser, Jr. 


295. Yogurt sherbet. Anonymous. Ice Cream 
Rev., 34,9: 41. April, 1951. - 

Capitalizing on the current popularity of 
yogurt, the Dutch Girl Ice Cream Co., Boise, 
Idaho, has developed a fresh fruit yogurt sher- 
bet containing no butterfat which is meeting 
with favorable consumer acceptance. In com- 
pounding the sherbet mix, 40-60% of the milk 
commonly used in the mix is replaced with 


. yogurt. The organisms contained in the yogurt 


are present in the frozen product. The sherbet 
flavored with fresh orange juice or pineapple 
is difficult to distinguish from the regular sher- 
bets. It is being marketed under the name, 
“frozen fresh yogurt,” instead of yogurt sherbet. 
The frozen yogurt has all the desirable charac- 
teristics of a high quality sherbet and, in addition, 
carries the desirable bacteria which have been 
so widely publicized in connection with yogurt. 
W. J. Caulfield 


296. Method of refining milk and milk products. 
U.N. Perry. U.S. Patent 2,547,281. 7 claims. 
April 3, 1951. Official Gaz. U. S. Pat. Office, 

5, 1: 158. 1951. 

Live steam is blown against frozen milk to 
destroy the emulsion. The melted portion is re- 
moved continuously and the fat is separated from 
the serum phase. R. Whitaker 


297. Method of preparing a whipping agent 
from casein. E. B. Oserc, C. E. Netson and 
C. L. Hankinson (assignors to Carnation Co.). 
U. S. Patent 2,547,136. 6claims. April 3, 1951. 
Official Gaz. U. S. Pat. Office, 645, 1: 120. 1951. 
Curd from skimmilk is dispersed in water with 
at least 1 proteolytic enzyme. After partial diges- 
tion and slight acidification, the enzyme is in- 
activated by heating to between 80 and 100° C. 
for 1-2 hr. The precipitated undigested fraction 
then is filtered off. The filtrate is concentrated 
and made alkaline and then dried to form a 
powdered whipping agent. R. Whitaker 


298. Manufacture of textile fibers composed of 
casein. A. Ferretti. U. S. Patent 2,548,357. 
11 claims. April 10, 1951. Official Gaz. U. S. 
Pat. Office, 645, 2: 546. 1951. 

Wet-spun casein filaments are passed through 
a saline bath containing urea prior to being 
hardened by formaldhyde. R. Whitaker 


DAIRY BACTERIOLOGY 
P, R. ELLIKER, SECTION EDITOR 


299. Report of committee to confer with Amer- 
ican Public Health Association on Standard 
Methods for the Examination of Dairy Products. 
A. H. Rosertson, G. G. Frary and J. O. Crark. 
J. Assoc. Off. Agr. Chemists, 34, 1: 39. 1951. 
The need to add 1% of fresh or reconstituted 
skimmilk to official agar milk plating medium 
of the A.P.H.A. has created problems of availa- 
bility, reconstitution, solubility and subsequent 
partial precipitation in the sterilized medium and 
of its precipitated particles being mistaken for 
small bacterial colonies in the poured plates. 
Studies are being made to assess the properties 
of certain candidate skimmilk-free substitute 
media. Studies are in progress also for the ulti- 
mate recognition of a synthetic reference plating 
medium composed of various vitamins, amino 
acids, purine bases and mineral salts by which 
the growth-promoting properties of all candidate 
media may be compared. F, J. Babel 


300. Apparatus for counting bacterial colonies. 
F. W. vaANAGH. U. S. Patent 2,548,478. 2 
claims. April 10, 1951. Official Gaz. U. S. Pat. 
Office, 645, 2: 579. 1951. 

Colonies on petri plates are counted by this 
device, which consists of a fountain pen attached 
to an electromagnetic counter. When the pen 
is pressed against the dish over each colony 
to make a mark, a switch activates the counter 
for 1 digit. R. Whitaker 


301. Psychrophilic bacteria in milk and cream. 
R. N. Doetrscu and W. M. Scort, Univ. of Mary- 
land, College Park. Milk Plant Monthly, 40, 
3: 30-32. ar., 1951. 
A review of literature on psychrophilic bacteria 
in relation to milk and cream is presented. 
J. A. Meiser, Jr. 


302. Propionsyrabakteriernas varmetalighet un- 
der lagpastériseringsférhallanden (The heat re- 
sistance of propionic acid bacteria to H.T.S.T. 
pasteurization). K.E. THomé and B. Linpcren. 
Swedish Exptl. Creamery, Alnarp. Meddelande 
no. 23, 1948. 

Propionic acid bacteria play a certain part in 
governing cheese quality. The experiments were 
made to determine under what pasteurizing con- 
ditions the propionic acid bacteria can survive. 
Propionic acid bacteria of 24 strains, obtained 
from Swedish and Danish cheese, were examined 
for heat resistance to H.T.S.T. pasteurization. The 
experiments were made under conditions corre- 
sponding with normal commercial pasteurization. 
The medium had important influence on the tem- 
perature lethal for the bacteria. In broth it was 
on the average 7° C. lower than in milk. The 
age and previous treatment of the culture exam- 
ined had some influence; the 10- and 20-d.-old 
cultures differed by 1° C. To determine heat re- 
sistance, Solberg tubes and laboratory pasteuri- 
zation apparatus by Thomé and Olsson were 
used. When heated in milk, certain strains of 
bacteria survived 76° C. for 10 sec. but not for 
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20 sec. Nearly one-half of the strains examined 
survived 72° C. for 20 sec. and over one-half 
survived 68° C. The report concludes that when 
propionic acid bacteria are found in cheese made 
from milk pasteurized at 72° C. or lower, they 
likely had their origin in raw milk. 

G. H. Wilster 


303. Replacement of vitamin B,, by desoxy- 
nucleotides in promoting growth of certain lacto- 
bacilli. W. Suive, M. E. Simerey and L. L. 
Rocers, Univ. of Texas and The Clayton Founda- 
tion for Research, Austin. J. Am. Chem. Soc., 
73, 2: 867-868. Feb., 1951. 

The phosphorylated derivatives of the desoxy- 
ribosides were found to stimulate the growth of 
Lactobacillus leichmannii 313 and L. lactis Dorner 
8000 as effectively as the desoxyribosides. Since 
desoxycytidylic acid stimulated greater early 
growth of the lactobacilli than did other desoxy- 
nucleotides (desoxyadenylic, thymidylic and 
guanylic acids), a close relationship to the func- 
tional product of vitamin B,, in the biosynthesis 
of , desoxyribosides is suggested. On _ paper 
chromatograms the desoxynucleotides migrate 
much more slowly than the corresponding desoxy- 
ribosides. Because R; values for the phosphory- 
lated compounds fall within the range of values 
for vitamin B,,, the vitamin B,, content of natural 
substances may be abnormally high when chroma- 
tographic methods are employed for assay. 

H. J. Peppler 


304. A cause of variation in the microbiological 
assay for vitamin B,,. H. W. Loy, Jr., J. F. 
Haccerty and O. L. Kune, Food and Drug 
Admin., FSA, Washington, D. C. Arch. Bio- 
chem., 29, 2: 451. Dec., 1950. 

Lactobacillus leichmannii (ATCC7830) was 
observed to be highly sensitive to the effects of 
growth inhibition of some detergents (unidenti- 
fied) commonly used for laboratory glassware. 
A satisfactory washing procedure requires brush- 
ing segregated glassware immediately after use 
and rinsing it from 6-12 times. H. J. Peppler 


305. The role of p-alanine in the growth and 
variation of Brucella abortus. R. J. Goontow, 
W. Braun and L. A. Mixa, Camp Detrick, 
Frederick, Md. Arch. Biochem., 30, 2: 402-406. 
Feb., 1951. 

p-alanine suppressed the increase in viable 
smooth-type cells and enhanced the establishment 
of antigenically and colonially rough or other 
nonsmooth variants in cultures which had been 
inoculated with smooth-type cells. R-type cells 
were far more resistant than S-type to the toxic 
effects of alanine. H. J. Peppler 


Also see abs. no. 294, 339. 
DAIRY CHEMISTRY 


H. H. SOMMER, SECTION EDITOR 


306. Compounds formed by heat treatment of 
milk. I. A. Goutp, Ohio State Univ., Columbus. 
Milk Plant Monthly, 40, 2: 44-45 48-49, 68. 
Feb., 1951. 

A review of the compounds formed by the heat 


treatment of milk with particular reference to 
those produced by low versus high temperatures 
is presented. J. A. Meiser, Jr. 


307. Chain reactions induced by enzymic sys- 
tems. G. ParravaAno, Frick Chem. Lab., Prince- 
ton Univ., Princeton, N. J. J. Am. Chem. Soc. 
73, 1: 183-184. Jan., 1951. 

Xanthine oxidase, obtained from fresh milk, 
induced polymerization of methyl methacrylate 
(MMA) in formaldehyde solution in the absence 
of oxygen. Methylene biue is a better hydrogen 
acceptor than MMA. The polymerization re- 
action is in accord with the Haber and Willstatter 
theory for chain processes in enzymic systems. 
This theory requires that hydrogen atom transfer 
occur in single steps and that radicals produced 
by monovalent dehydrogenation propagate the 
reaction. H. J. Peppler 


308. The inhibition of xanthine oxidase by 
borates. A. Rousu and E. R. Norris, Univ. of 
Wash., Seattle. Arch. Biochem., 29, 2: 344-347. 
Dec., 1950. 

The activity of xanthine oxidase prepared from 
raw milk was measured as the change in optical 
density at 290 my in 0.1 M pyrophosphate buffer 
at pH 8.5. Xanthine oxidation was inhibited in the 
presence of 0.016 M borate. Inhibition appeared 
due to the formation of a complex between the 
ribityl radical of: riboflavin and borate; it was 
reversed completely by sorbitol and_ ribose 
(0.04 M and 0.1 M, respectively, in the presence 
of 0.032 M borate). Glucose was less effective. 

H. J. Peppler 


309. Changes in Official Methods of Analysis 
made at the sixty-fourth annual meeting, October 
2, 3 and 4, 1950. J. Assoc. Off. Agr. Chemists, 
34, 1: 58-100. 1951. 

Changes in the section on dairy products 
include a revised and official method for deter- 
mining the acidity of milk and a method for 
determination of gums in soft-curd cheese. The 
latter method was adopted as official. 

F. J. Babel 


310. Automatische Probenehmer fiir die Durch- 
schnittsprobe der Tageslieferung (Automatic 
sampler for a daily composite sample of intake 
milk). English summary. E. Dostnsxy. Die 
Milchwissenschaft, 4, 3: 69-74. Mar., 1949. 

The 2 requirements of an automatic milk 
sampler are that the volume of the sample should 
be in proportion to the successive lots of milk 
sampled and that the per cent fat in the sample 
should agree with the per cent fat in the lot of 
milk sampled. 

The sampler may be installed in such manner 
as to remove proportional volumes of successive 
lots of milk, or as to continuously remove a por- 
tion of milk passing through the pipe line. Dia- 
grams and calculations are presented. 

I. Peters 


DAIRY ENGINEERING 
A. W. FARRALL, SECTION EDITOR 


311. -Pasteurizing control system. C. F. A.p- 
rincE and C. L. Brown (assignors to Taylor In- 
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strument Co.). U.S. Patent 2,547,430. 1 claim. 
April 3, 1951. Official Gaz. U. S. Pat. Office, 
645, 1: 196. 1951. 

A high-temperature, short-time milk pasteur- 
izer control system, having a diaphram-actuated 
switch to maintain the pressure on the unpasteur- 
ized milk below that on the pasteurized milk in 
the regenerator by controlling the motor-driven 
raw milk pump, is described. R. Whitaker 


312. Freezer. W. D. Houston (assignor of 
one-half to W. C. Newman). U. S. Patent 
2,544,162. 7 claims. March 6, 1951. Official 
Gaz. U. S. Pat. Office, 644, 1: 176. 1951. 

An ice cream freezer consisting of a screw-type 
dasher operating in a horizontal cylinder sur- 
rounded by refrigeration coils is described. The 
dasher is so arranged that the screw can be made 
to act as a beater or as a conveyer for moving 
the beaten product toward the outlet end. 

R. Whitaker 


313. Heat exchange receptacle. T. MojonNieR 
and O. W. Mojonnier (assignors to Mojonnier 
Bros. Co.). U. S. Patent 2,545,371. 5 claims. 
March 13, 1951. Official Gaz. U. S. Pat. Office, 
644, 2: 604. 1951. 

A vat suitable for heating and cooling milk, 
cream and other fluids, in which the heating or 
cooling medium is caused to flow through chan- 
nels surrounding the outer shell of the vat is 
described. The channels are made by securing 
a corrugated metal wall along its valley to the 
shell. R. Whitaker 


314. Application of glass pipe. F. F. Fruscu- 
MANN, Jr., R. F. Hottanp and J. C. Wurre, Cor- 
nell Univ., Ithaca, N. Y. Milk Dealer, 40, 6: 
45, 81-88. Mar., 1951. 

A study to determine the adaptability of glass 
pipe to the dairy industry and to determine the 
sanitary condition of glass pipe which is cleaned 
in place by the recirculation of a cleaning solu- 
tion as compared to stainless steel pipe which 
was dismantled, cleaned and reassembled daily 
resulted in the following conclusions: (a) Pyrex 
piping cleaned in place can be kept bacteriologi- 
cally as clean or cleaner than stainless steel sani- 
tary pipe which is dismantled, washed and re- 
assembled daily. (b) Glass pipe has the advan- 
tage over stainless steel pipe in that visual in- 
spection will show whether or not a line has been 
cleaned. This does not mean that the line neces- 
sarily is bacteriologically clean, of course. (c) 
The stainless steel adaptors which rigidly hold 
each end of the glass and which are cleaned in 
place by brushing are no more a source of con- 
tamination of milk than any other stainless steel 
sanitary pipe in the plant. (d) Pyrex piping 
properly cleaned in place causes no measurable 
increase in the bacterial count of milk passing 
through it. (e) Pyrex piping offers the larger 
milk processors tangible savings in cleaning time 
and labor costs. C. J. Babcock 


315. Power handbook—part one. P. W. Swain 

and F. A. Aunett, McGraw-Hill Pub. Co., New 

York. Power, 95, 3: 73-104. Mar., 1951. 
Thirty-two pages containing 44 tables, 15 charts 


and 150 drawings explain in simple terms many 
of the fundamentals of weights and measures, 
practical mathematics, mathematical tables, me- 
chanics, strength of materials, thermodynamics, 
steam tables, basic electricity, hydraulics and 
pumping and piping. H. L. Mitten, Jr. 


316. 5 ways to defrost. H.C. Wetcu. Operat- 
ing Eng., 4, 3: 40-41. Mar., 1951. 

Frost on evaporator coils acts as an insulator, 
reducing the refrigeration capacity of the coils. 
Simple ceiling coils, side-wall coils, large hot-gas 
systems, flooded systems and brine coils are 
illustrated and defrosting procedures: are given. 
The hot-gas line should be 0.5- or 0.75-in. extra 
heavy pipe. It should be well supported. Pro- 
visions should be made to allow for free ex- 
pansion through walls and insulation. Stop valves 
installed at the condenser head should be kept 
closed when system is shut down. 

H. L. Mitten, Jr. 


317. Oil in ammonia refrigeration systems. E. 
H. Forster, Cherry-Burrell Corp. Chicago, Ill. 
Ice Cream Rev., 34, 6: 102-104. Jan., 1951. 

A film of oil 0.005-in. thick when deposited 
over the evaporator surface of a continuous freezer 
will retard heat transfer to the same extent as a 
layer of steel 5 in. thick. Oil deposits on evapora- 
tor surfaces of the refrigeration system will result 
in a decrease in operating capacity, higher power 
costs and frequently may impair the quality of 
the’ice cream due to inability to freeze and harden 
the product properly. 

Common causes for excessive oil accumulations 
in the refrigeration system are: (a) Vaporization 
of oil due to a discharge temperature in the com- 
pressor which exceeds the flash point of the oil, 
(b) oil level carried too high in the crankcase, 
(c) sudden lowering of suction pressure which 
will cause ammonia in the crankcase to boil, 
thereby carrying some of it into the system 
through the equalizer, (d) worn or loose piston 
rings, and oval cylinders, (e) failure to provide 
oil traps of sufficient capacity and (f) failure to 
drain oil from the oil traps or evaporators. 

Selection of the proper type of compressor oil 
will do much to eliminate trouble from the 
small quantity of oil which inevitably finds its 
way into every refrigeration system. A satis- 
factory compressor oil, in addition to providing 
proper lubrication to all mechanical parts, should 
flow freely at temperatures of — 25° F., it should 
have a vaporization point in excess of the maxi- 
mum discharge temperature at the compressor, 
should not leave gummy deposits on the evapora- 
tor surface and should drain freely from heat 
transfer surfaces. Certain additives in the form 
of foam depressants, rust inhibitors and wetting 
agents or detergents are being used with success 
in connection with compressor oils to make them 
less troublesome when they find their way into 


the system. W. J. Caulfield 


318. Use of welding to facilitate piping suspen- 
sion and support. G. W. Hauck, Crane Co., 


Chicagvo. Heat, Piping & Air Cond., 23, 3: 83- 
87. Mar., 1951. 
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No piping system is better than its system of 
suspension and support. Various lugs and brackets 
may be welded to the piping to facilitate suspen- 
sion. Welded supports are effective for headers 
and sections which involve concentrated loads. 

Provisions for suspension or support should be 
part of the piping design and should not be im- 
provised in the field during erection. Proper 
planning will show details of important points 
of suspension and supports so that lugs, bases, 
etc. can be welded to assemblies when they are 
fabricated. Good advance planning pays divi- 
dends during erection. H. L. Mitten, Jr. 

Also see abs. no. 222, 338. 


HERD MANAGEMENT 
H. A. HERMAN, SECTION EDITOR 


319. Control device for milking machines. A. 
G. and W. E. Perkins. U. S. Patent 2,545,857. 
12 claims. March 20, 1951. Official Gaz. U. S. 
Pat. Office, 644, 3: 839. 1951. 

A diaphragm-type control for placement in the 
milk suction line of a milking machine is de- 
scribed. R. Whitaker 


320. Milk filter. J. E. Torrey and L. Kasson. 
U. S. Patent 2,547,797. 7 claims. April 3, 1951. 
Official Gaz. U. S. Pat. Office, 645, 1: 295. 1951. 
A filter for inserting in the hose line of a 
milking machine consists of a short cylindrical 
chamber having 2 strainer plates, between which 
is placed a filter pad. R. Whitaker 


321. Barn cleaner. J. Kunz. U. S. Patent 
2,547,270. 5 claims. April 3, 1951. Official 
Gaz. U. S. Pat. Office, 645, 1: 155. 1951. 
A conveyer-type cleaner for barn gutters, oper- 
able in both directions by a cable, is described. 
R. Whitaker 


322. Automatic cow stanchion device. E. D. 
MircHett. U. S. Patent 2,544,171. 3 claims. 
March 6, 1951. Official Gaz. U. S. Pat. Office, 
644, 1: 178. 1951. 

A cow stanchion having a spring which norm- 
ally closes and maintains the stanchion in a closed 
position is described. R. Whitaker 


ICE CREAM 
C. D. DAHLE, SECTION EDITOR 


323. H.T.S.T. pasteurization of ice cream 
mixes. P. H. Tracy, J. Tostas and E. O. Her- 
riED, Univ. of Ill., Urbana. Ice Cream Rev., 
34, 9: 134, 136. April, 1951. 

Either the Vacreator operated with a minimum 
temperature of 194°F. in the Ist chamber, or 
the Mallorizer, operated at a minimum temper- 
ature of 185°F. and with a coming up and holding 
time of 6.1 sec. would do a satisfactory job of 
pasteurizing ice cream mixes. A temperature of 
240°F. with the Mallorizer produced the best 
flavored ice cream. Higher temperatures resulted 
in more viscous, poorer whipping mixes and 
slower melting ice cream. Smoother textured 
and drier bodied ice cream resulted when tem- 
peratures in excess of 240°F. (up to 300° F.) 


were used with the Mallorizer, but the flavor of 
the ice cream was less desirable. 

W. J. Caulfield 
324. Overrun considerations in making ice 
cream. C. W. ENGLAND, Highs Dairy Prod. Co., 
Washington, D. C. Ice Cream Rev., 34, 9: 52, 
74-76. April, 1951. 

The importance of proper overrun control 
as a factor influencing flavor, body and texture 
and melt-down characteristics of ice cream, as 
well as its relation to profits, is discussed. Factors 
mentioned which affect the rate of overrun in- 
corporation are mix composition, ingredient com- 
position, efficiency of homogenization, design and 
speed of freezer, condition of the freezer blades, 
and changes in the salt composition of the dairy 
ingredients used. Formulas are presented with 
appropriate examples for calculating overrun by 
both volume and weight for plain and fruit ice 
creams. W. J. Caulfield 


325. Speiseeis (Ice Cream). English Summary. 
W. Scuutz. Die Milchwissenschaft, 4, 2: 33-39. 
Feb., 1949. 

In anticipation of a future commercial ice 
cream industry in Germany, the author cites 
various legal definitions for ice cream applicable 
to different sections of the U. S. A. He discusses 
the commercial production of ice cream in the 
U. S. A. by the discontinuous and continuous 
methods. I. I. Peters 


326. Ice cream dipper. R.T.McCrum. U.S. 
Patent 2,547,651. 1 claim. April 3, 1951. 
Official Gaz. U. S. Pat. Office, 645, 1: 257. 1951. 

An ice cream dipper operated by means of a 
small motor and gear train in the handle is 


described. R. Whitaker 


327. Your carton helps you merchandise your 
ice cream. R. Paxton, Sutherland Paper Co., 
Kalamazoo, Mich. Ice Cream Rev., 34, 8: 111. 
Mar., 1951. 

A good product, aggressive selling and a well 
designed carton are 3 requisites to success in the 
ice cream business. If a neat attractive carton, 
properly identified with the flavor and name of 
the manufacturer is used, it will build sales, 
whereas a designed carton will not even 
sell a good product because it will not attract 
customers. Selection of the proper carton for 
merchandising ice cream is deserving of more 
thought and attention than it generally has re- 
ceived. Investment in a good carton is one of 
the soundest investments which the ice cream 
manufacturer can make. W. J. Caulfield 


328. I’m getting gallonage with bulk. H. J. 
Mutpoon, Bonnie Doon Ice Cream Co., Mish- 
awaka, Ind. Ice Cream Rev., 34, 8: 40, 41, 90- 
92. Mar., 1951. 

The sale of ice cream in bulk 0.25-, 0.5- and 
1-gal. cartons has been responsible in large meas- 
ure for the increased volume of business done by 
this firm. The gallonage sold through 5 stores, 
in these 3 sizes of cartons, featuring only vanilla 
ice cream, amounted to 79,426 gal. last year. 
Featured with the bulk ice cream are toppings 
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to take home; these are sold at cost. The loss 
of profit on the sale of toppings is more than 
compensated for by the savings effected by 
eliminating the use of expensive fruits and nuts 
for flavoring ice cream. A survey of consumer 
sales revealed that only 5.4% of the gallonage 
was in the purchase of 2 or more pt. to get a 
combination of flavors and pint sales as a whole 
accounted for only a relatively small percentage 
of the total gallonage. Bulk ice cream effectively 
merchandised will build gallonage for the ice 
cream industry in the opinion of the author. 
Also see abs. no. 295, 312. 
W. J. Caulfield 


MILK AND CREAM 
P. H, TRACY, SECTION EDITOR 


329. Importance and source of flavors in milk 
and milk products. C. J. Bascockx, P.M.A., 
U.S.D.A. Milk Plant Monthly, 40, 2: 32, 34-36. 
Feb., 1951. 

A discussion of abnormal flavors in milk as 
caused by go condition of the cow, con- 
sumption of highly flavored weeds and feed by 
the cow, chemical and enzymatic changes in milk 
and absorbed -odors is presented. 

J. A. Meiser, Jr. 


330. Cardboard flavor. M. A. Newton, S8r., 
Fraim’s Dairies, Inc., Wilmington, Del. Milk 
Dealer, 40, 6: 40-41, 54-60. Mar., 1951. 

The author points out that: (a) Dairies should 
obtain much more information regarding the 
quality or flavor of their milk from stop notices. 
(b) A dairy should not take the attitude that its 
milk has quality at all times just because it has 
the best in plant and equipment. (c) When 
checking flavor complaints allowance should be 
made for differences in temperature between 
places of storage, the temperatures on the route 
and at the customer’s refrigerators. (d) More 
concern and study should be given to the charac- 
teristics of the raw product. (e) More considera- 
tion should be given to the possibility that an 
oxidized flavor may be due to exposure to 
artificial light. (f) Protect the milk from sun- 
light. C. J. Babcock 


331. Consumer practices in the use of milk. 
E. F. Purparp, U.S.D.A. Am. J. Pub. Health, 
41, 1: 45-48. Jan., 1951. 

Consumption of milk per person, fluid equiva- 
lent, in the U. S. at present is approximately 
250 qt./yr. or 2.75 cups per day. The per capita 
consumption 40 yr. ago was 2 cups per day. 

A study of family diets in 4 large cities showed 
that families in Buffalo, Minneapolis-St. Paul and 
San Francisco consume more fluid milk and more 
total milk than those in Birmingham. However, 
more buttermilk and evaporated milk are used 
per person in the latter city. 

In general, more families in the high income 
level ($5,000-$7,500) used fluid milk, cream, 
ice cream, cheese and butter than did those 
families with $1,000-$2,000 incomes. A large 
number of families in this latter group, however, 
used evaporated milk and buttermilk than those 
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receiving higher incomes. Wide variation in 
milk consumption was found among families in 
both income groups. D. D. Deane 


332. Quantity per customer and milk delivery 
costs. J. W. Hicks, Purdue Univ., Lafayette, 
Ind. Milk Plant Monthly, 40, 2: 52-53, 54. 
Feb., 1951. 

Retail delivery of 6 qt. of milk from truck to 
doorstep requires 0.86 min. as compared to 0.76 
min. for a 1-qt. delivery. Including driving and 
bookkeeping time, a 6-qt. stop requires 1.56 min., 
whereas the 1-qt. stop requires 1.47 min. Thus, 
a routeman can deliver 288 qt. at 6-qt. stops in 
the same time as it requires to deliver 41 qt. 
at 1-qt. stops. 

On wholesale routes a delivery of 1.4 cases 
of milk requires 7.2 min., whereas delivery of 
6.2 cases per stop requires 15.9 min. Including 
driving time, a routeman can deliver 19 cases 
to the large stops in the same time as it takes 
him to deliver 8.5 cases to smaller stops. 

J. A. Meiser, Jr. 


333. Valved pouring attachments for milk 
bottles. W. S. Fuxip. U. S. Patent 2,545,350. 
1 claim. March 13, 1951. Official Gaz. U. S. 
Pat. Office, 644, 2: 598. 1951. 

This device, which is easily attached to the 
mouth of glass milk bottles, provides a dripless 
pouring spout when properly positioned and a 
closed cover for the bottle at other times. 

R. Whitaker 


334. Cream separator and pouring spout. T. 
H. Dantets. U. S. Patent 2,544,070. 2 claims. 
March 6, 1951. Official Gaz. U. S. Pat. Office, 
644, 1: 152. 1951. 
A device for inserting in the neck of glass milk 
bottles permits pouring off the cream. 
R. Whitaker 


335. Chocolate milk. R. A. Smmonet, Robert 
A. Johnston Co., Milwaukee, Wis. Milk Dealer, 
40. 6: 64-68. Mar., 1951. 

Exhaustive tests among chocolate manu- 
facturers indicate a cocoa base gives the more 
desired color and flavor when incorporated into 
milk in stabilized cocoa-syrup or cocoa powder 
form. One defect frequently found in chocolate 
milk is settling in the bottle. Some causes of this 
defect are: (a) Too much milk, (b) too little 
powder or syrup, (c) too low holding temperature 
at pasteurizer, (d) not sufficient cooling at sur- 
face cooler, (e) vat cooling, (f) lack of proper 
agitation while batch is hot at pasteurizer, (g) 
excessive agitation of cold vat of finished choco- 
late drink, (h) breakdown at bottler or washer 
allowing last few gallons in pasteurizer to stand 
without agitation; paddles not long enough to 
agitate, iS running hot batch from pasteurizer 
over surface cooler more than once, (j) allowing 
finished bottles of chocolate drink to set too long 
at room temperature rather than cold box, (k) 
small hand-operated batch when 10 or 20 gal. of 
chocolate milk is held in the receptacle above 
the small surface cooler without agitation, (1) 
lack of proper increase of holding temperature 
for excessive pipes, elbows and homogenizers, (m) 
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improper storage of flavoring, (n) lack of rotation 
of chocolate flavoring in stock room, (o) pumping 
finished cold chocolate milk without additional 
heat at time of pasteurizing to compensate for 
agitation in the cold pump. Jelling is the oppo- 
site trouble, usually caused by too little milk, 
too much flavoring, too much heat at pasteurizer 
above standard set or insufficient agitation at 
pasteurizer. Jell once formed in the bottle can 
be broken by agitating the bottle or shaking the 
pile of milk crates in cold storage. Water sepa- 
ration is the result of 3 causes: freezing of bottle 
at doorstep delivery, over-jelling or a mechanical 
fault while processing the drink. Most manu- 
facturers of chocolate flavoring frown upon skim- 
milk bases and usually recommend 2% fat. 
Homogenizing is highly recommended, usually 
1,000 lb. being sufficient. C. J. Babcock 
Also see abs. no. 301, 310, 311. 


NUTRITIVE VALUE OF DAIRY PRODUCTS 
R. JENNESS, SECTION EDITOR 


336. Vorschlag zu einer rationellen Milchver- 
teilung und Zuteilung von Kasestoff und Mol- 
keneiweisz zwecks Behebung des Eiweiszmangels 
in der heutigen Ernahrung der Jugendlichen (A 
proposal for rationalized distribution of milk and 
of cheese and whey proteins in 
order to alleviate the protein deficiency among 
today’s youth). English summary. A. ADAM. 
Die Milchwissenschaft, 4, 3: 65-69. Mar., 1949. 

Surveys conducted in Erlangen, British Occu- 
pational Zone of Germany, revealed that the 
rations apportioned to children from 0-10 yr. 
of age contained, on the average, 11 g. of pro- 
tein in excess of requirements, whereas those 
for youths from 10-20 yr. contained, on the 
average, 12 g. below the minimum protein re- 
quirement for a normal youth diet. The latter 
diet was also deficient in carbohydrates by 135 
g./day. 

The author suggests that whey proteins should 
be drawn upon to supply the necessary proteins 
for the needy youth. I. Peters 


337. Nutrition and goiter. M. A. Greer, 
Joseph H. Pratt Diagnostic Hospital, Boston, 
Mass. Physiol. Rev., 30, 4: 513-548. Oct., 
1950. 

Nutritionally, an enlarged thyroid has been 
associated, under certain conditions, with a 
high-protein diet; however, such an association 
has not been demonstrated conclusively for 
high-fat, high-carbohydrate or vitamin-deficient 
diets. The active goitrogen in the cabbage family 
is i-5-vinyl-2-thiooxazolidone, which acts simi- 
larly to thiourea by inhibiting the synthesis of 
thyroxine. Lowered thyroxine levels stimulate 
hypophyseal production of thyrotrophin, result- 
ing in hypertrophy and hyperplasia of the thyroid. 
Increased iodine intakes under these circumstances 
have only limited effects. The author concludes 
that the problem of the simple goiter is far from 
solved and adds that very few instances of thyroid 


enlargement not due to iodine deficiency have yet 
been explained. 125 references E.G. Moody 


SANITATION AND CLEANSING 
K. G. WECKEL, SECTION EDITOR 


338. Effect of plant design on sanitation. G. 
W. Putman and A. H. Wakeman, Creamery 
Package Mfg. Co., Chicago, Ill. Ice Cream Rev., 
34, 9: 96, 98. April, 1951. 

Construction of new plants or alterations 
to existing dairy plants have the primary purpose 
of producing the most palatable, nutritious prod- 
uct at the lowest possible cost. The installa- 
tion of continuous and larger capacity equipment 
has resulted in a shorter time period devoted to 
processing. The time necessary for dismantling 
and clean-up operations has not been correspond- 
ingly reduced, with the result that expenditure 
for clean-up operations has increased. This por- 
tion of the cost of operation can be reduced 
in most cases by careful planning and study. 
Suggestions offered for improvement, which will 
effect economies in the clean-up operation are: 
(a) Layout plant to provide for continuous flow 
of product with a minimum of sanitary piping, 
(b) use the recirculating method of cleaning, if 
acceptable to public health authorities, (c) pro- 
vide hose stations, wash sinks, utility tables, 
cleaning agents, brushes and gaskets conveniently 
located, (d) provide proper light where needed 
for assembly or dismantling or clean-up of equip- 
ment, and (e) provide proper floor drainage and 
locate drains in the floor so that they will not 
constitute a safety hazard to the worker. 

Spending money to make the clean-up opera- 
tion more efficient, convenient and pleasant will 
result in improved sanitation and effect significant 
economies in labor expense. W. J. Caulfield 


339. Residual effects of chemical sanitizers. H. 
E. CarBert, Univ. of Wis. Milk Dealer, 40, 6: 
43-44, 78-80. Mar., 1951. 

Data is presented indicating the presence of 
10 ppm. of added chlorine in milk did not affect 
acid development. As chlorine concentration 
increased, acid development in the milk was 
reduced. When milk containing as much as 
200 ppm. of added chlorine was inoculated with 
a starter culture and incubated under proper 
conditions, it slowly developed acidity. When 
held long enough (approx. 24 hr.), the acid 
development reached the same level as the 
control sample. The presence of as little as 10 
ppm. of added quaternary in milk greatly re- 
tarded acid development. For practical purposes 
the presence of 25 ppm. stopped acid produc- 
tion entirely. Data are presented indicating 
that 25 ppm. of added chlorine did not change 
the methylene blue reduction time of poor quality 
milk. The addition of 5 and 100 ppm. increased 
the reduction time by 1 hr. and by over 3 hr., 
respectively. As little as 25 ppm. of added 
quaternary increased the reduction time by more 
than 3 hr. C. J. Babcock 
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@ Bulk cooling of milk on the farm is meeting 
growing acceptance in all parts of the country. 

Farmers like it because it saves labor. More 
time can be spent in herd care. Bulk cooling also 
permits increases in herd size with the same labor. 
When tanker pick-up is used, stickage and drainage 
losses are saved for the farmer, and hauling costs 
are reduced. 

Mojonnier Bulletin No. 240 contains photo- 
graphs and diagrams of actual bulk cooling 
installations, plus descriptions of methods, and 
advantages to patrons and buyers. 
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Mojonnier 300 gallon Producers Cold Wall’ Tank 
on the Palmer Farm, Keotg, lowa. 


WRITE FOR IT TODAY 


4601 W. OHIO STREET 
CHICAGO 44, ILLINOIS 


RENNET and COLOR 


Strong, clean Rennet is important 
in the making and curing of | 
cheese. Use Marschall Rennet 
generously for maximum results. 
MARSCHALL 


DAIRY LABORATORY, INC. 
MADISON 3, WISCONSIN 


MINERALIGHT 
Ultra-Violet Light 


FOR DETECTING MILKSTONE, 
FATS AND OTHER SOILS 


For Sanitarians, Field 
Men and Inspectors 
Mineralight is a compact portable long wave 
ultra-violet light — causes fluorescence in 
ey fats, and other soils not veadily 
e. Used like a 
ates ped A V- vat or batteries. ter available 
for 110 Carrying ~ 
batt ration lerate 
cost, aid om size plant. 
le in improving sanitary standards. 
rite for literature. 
INC. 


KLEN ZADE PRODUCTS, 


BELOIT WISCONSIN 


Your advertisement is being read in every State and in 45 Foreign Countries 
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BACK COPIES 
of 


Journal May Be Available 


The Association has available back copies of the Journal of Dairy Science. 
If you need back copies, please write and inquire as to whether the particular 
one that you need is available. In some cases we have only a few volumes and 
we do not sell them unless the complete set of volumes is purchased. In many Bs 
cases we have six or eight volumes complete with 50 or 100 copies available of 
certain numbers such as the November or December issue. 


Non-members 
1-16 (if available) 5.00 6.50 
17-32 (if available) 6.00 8.00 
33- 8.00 10.00 


If you are interested in procuring back copies please write to the Sec’y-Treas., 
American Dairy Science Assn., c/o Ohio State University, Columbus 10, Ohio. 
Make all checks payable to the 


1 AMERICAN DAIRY SCIENCE ASSOCIATION 


SUBSCRIPTION. ORDER 


q To THE AMERICAN DAIRY SCIENCE ASSOCIATION 
. Publishers of the Journal of Dairy Science 
Ohio State University, Columbus, Ohio 
Please find enclosed Ten Dollars in payment of subscription to the Journal of Dairy Science for 


{ one year beginning with January, 19.... 


Foreign postage 50 cents additional. 
Checks, etc., should be drawn to the order of the American Dairy Science Asso- 
ciation and forwarded to P. R. Ellsworth, Ohio State University, Columbus 10, Ohio. 


Your advertisement is being read in every State and in 45 Foreign Countries 
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It will PAY you to investigate-— 


the GBI VALUE LINE 


of Ice Cream Stabilizers and Emulsifiers 


In these days of high ingredient and operating costs, GBI stabilizers and 
emulsifiers demonstrate their value in short order. They earn their way and pro- 
duce the type of ice cream, ice or other frozen confection you want. Whatever your 
product or operating conditions, there’s a GBI stabilizer and emulsifier to give top 
performance and profit to you. The GBI VALUE LINE includes the following 
outstanding products— 


Complete Stabilizer and Emulsifier—BODY-GUARD and PRIDEX 
Straight Stabilizere—HY-GUARD and PRIDE 
Straight Emulsifier—EMEX 


WRITE NOW for complete bulletins and prices on the GBI VALUE LINE. These basic 
formulas cover the field. You will be surprised at their low cost. 


Manufactured by one of the largest established suppliers in the field of biological sciences. 


GENERAL BIOCHEMICALS, INC. © 20 Park 


CHAGRIN FALLS, OHIO 


UNIFORMLY 
ANSEN’ SUPERIOR 


DAIRY PREPARATIONS Leading agricultural 


schools and colleges 
agree with leading 
— For High Quality Dair y Pr oducts Bx dairymen in praising 


the superior flavor and 


aroma producing qual- 


“CHEESE RENNET AND COLOR || 

_ “ANNATTO. BUTTER COLOR ef 

DANDELION BUTTER COLOR 


[YOGHURT CULTURE] 


FLAV-O-LAC FLAKES 
(shown) produce a quart of the finest 
starter on a single propagation. Single 
bottles $2.00. 


CERTIFIED BUTTER COLOR 


STARTER DISTILLATE 
SPECIAL FLAV-O-LAC FLAKES ‘40” 


ICE CREAM COLOR) 

: PCRS: FERMENT CULTURE: a produce 40 quarts of starter on a single prop- 
a agation. Single bottles $3.75. Plus postage. 


DORLESS TYPE DAIRY FLY SPRAY | Free Cultural Manual of Fermented Milk 
CULTURE CABINETS = |_ Products on request. 
Unite TESTING. SOLUTIONS THE 


DAIRY LABORATORIES 


| ASSOCIATES < 
CHR. HANSEN’S LABORATORY, INC. 


, New York Baltimore Washin 
MILWAUKEE 14, WISCONSIN ' See our catalog in Dairy Industries Catalog 


Your advertisement is being read in every State and in 45 Foreign Countries 
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Beg US. Pot OF 


The original, the genuine 
LYOPHILIZED DAIRY CULTURE 
2 gm. bottle dry powder 
makes 1 qt. Mother Culture 


Manufactured Exclusively by 


GENERAL BIOCHEMICALS, INC. 


20 Laboratory Park «Chagrin Falls, Ohio 


Copies of the 20-Year Index 
covering Volumes I to XX, 
inclusive are available at the 
following prices: 


MEMBERS NON-MEMBERS 
Cloth Bound ........... $2.35 Cleth Bound ........... $650 
Paper Bound ........... 2.00 Paper Bound ........... 5.00 


Your advertisement is being read in every State and in 45 Foreign Countries 
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NOTICE TO CONTRIBUTORS 


Authorship of Original Articles and Reviews.—Space in the JOURNAL is reserved for the 
publication of original research voluntarily submitted by members of the Association to the 
JOURNAL and review articles by invitation. In the case of joint authorship, the membership 
ruling applies to one author only. 

Papers that already have appeared in print or that are intended for simultaneous publica- 
tion elsewhere will not be accepted. 

Manuscripts—Manuscripts should be submitted in double spacing on one side of suitable 
83”x11” paper. The original copy should be furnished. All illustrative and tabular material 
should accompany the manuscript. 


Except in cases of invited reviews, papers must be limited to 12 printed pages unless previ- 
ous permission from the editor is obtained. When non-review articles exceed 12 pages, a charge 
of $5 per over page is made. 

Manuscripts will be published in the order of their receipt. They should be sent to the 
Editor, F. E. Nelson, Dept. of Dairy Industry, Iowa State College, Ames, Iowa. In order to 
speed publication, one author should be designated to assume the responsibility of checking the 
galley on all papers of multiple authorship. All galleys should be returned in the minimum 
possible time to avoid delay in publication. 

Figures.—Original drawings, diagrams and charts should be done in India ink on tracing 
cloth (or white board) not larger than standard letter size (83”x11”). All lettering should 
be inked in block style and be of such size that the lettering will be not less than 4 in. in height 
when the figure is reduced to 4 in. in maximum dimension. Typewritten labeling of axes and 
axis units is not acceptable. Original drawings should be submitted, rather than photographs 
of such drawings. When suitable drawings are not furnished, the author will be charged for 
the preparation of drawings of satisfactory quality by an independent agency. 

Photographs.—Photographs for halftone reproduction should be glossy prints free of all 
imperfections. 

Legends.—Legends for figures and photographs should be typed on a sheet separate from 
the illustrative material and should be made as concise as possible while retaining their descrip- 
tive character. 

Zabular Material—Tabular material should be clear, concise and accurate. Often data 
can be condensed and presented in summarized tabular form. Tables of only one or two lines 
should be avoided except in most unusual cases. Excessively large or complicated tables are 
almost impossible to print satisfactorily. Headings should be as concise as possible, yet descrip- 
tive in character. Data may be presented in either tabular form or in figures, but the same 
data must not be presented in both forms. Each table should be placed on a separate sheet 
and not in the body of the manuscript. The letters a, b, c, etc., should be used for footnote 
designations. If possible, tables should be so organized that they may be set across the page, 
rather than the length of the page. 

References.—Literature reviews should be limited to only the most pertinent references. 
Reference lists should be double spaced and arranged alphabetically as to author and by chron- 
ological appearance of the journals cited under a given author. Papers by a single author 
always precede papers by that author and associates. References to multiple authors are ar- 
ranged in the alphabetical order of the several authors. Give only initials rather than full first 
names of male authors. Citations in the text should be made by the number in parentheses, 
corresponding to the number in the reference list. 

Each reference should contain the following: Reference number, author(s), title of article, 
name of journal, volume number, first and last page numbers, and year of publication. Titles 
of all articles should appear in complete untranslated form. Consult recent published articles 
in the JOURNAL for proper citation. Publications are abbreviated according to the form 
given in CHEMICAL ABSTRACTS, vol. 40, no. 24, part 2. 1946. 

Sample of journal citation: (1) Jones, L. W., anD Smiru, J.D. Effect of Feed on Body 
of Butter. J. Damry Sct., 24: 550-560. 1941. 

Sample of book citation: (1) LanpsTgineR, K. The Specificity of Serological Reactions. 
Rev. Ed. Harvard University Press, Cambridge, Mass. 1945. 

For Experiment Station publications, the citation should be as follows: (1) CouLren, 8. T., 
AND JENNESS, R. Packing Dry Whole Milk in Inert Gas. Minn. Agr. lixpt. Sta. Tech. Bull. 
167. 1945. 

The more common abbreviations used in the text are: cm., centimeter(s) ; ec., cubic centi- 


meter(s); g., gram(s); mg., milligram(s); y, microgram(s); ml., milliliter(s); mp, millimi- 
eron(s); C., Centrigrade; F., Fahrenheit; lb., pound(s) ; 0z., ounce(s). 

Where configurational structures of chemical compounds are used, drawings suitable for 
reproduction by photoengraving are to be furnished by the author. 


In preparing manuscripts, use of first person should be avoided. 
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for Microbiological Assay 
of 
VITAMINS and AMINO ACIDS 


Bacto dehydrated media containing all the necessary nutriments and 
growth factors for the microbiological assay of vitamins and amino 
acids are now available from Difco. These basal media require only 
the addition of graduated amounts of the substance under assay to 
obtain linear growth of the test organism for construction of the 
standard curve. The vitamin or amino acid content of the material 
under assay is determined by adding appropriate concentrations of 
the test substance to the basal medium and comparing the growth 
response obtained with the standard. 


BACTO-FOLIC ACID ASSAY MEDIUM BACTO-RIBOFLAVIN ASSAY MEDIUM 

BACTO-NIACIN ASSAY MEDIUM BACTO-THIAMIN ASSAY MEDIUM 

BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY MEDIUM 

BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-VITAMIN Bis ASSAY MEDIUM 


The method employed in carrying stock cultures of the test organisms 
and preparing the inoculum for microbiological assay is important. 
The following media have been developed especially for carrying 
stock cultures and for preparation of the inoculum. 


BACTO-MICRO ASSAY CULTURE AGAR BACTO-MICRO INOCULUM BROTH 
BACTO-NEUROSPORA CULTURE AGAR 


z 


BACTO-VITAMIN FREE CASAMINO ACIDS, dehydrated, is an acid hy- 
drolysate of vitamin free casein prepared especially for laboratories 
investigating microbiological assay of vitamins. 


Descriptive literature is available upon request. 


Specify “DIFCO” 


THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 


Your advertisement is being read in every State and in 45 Foreign Countries 
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